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Summary 
Background:  
Although infectious diseases are less common in high-income countries compared to low-
income countries, they should still be seriously considered as a relevant public health issue. 
Some professions, such as healthcare workers, laboratory workers, and care providers may 
be at a particularly high risk of acquiring infections. In Germany, work-related infectious 
diseases are after skin diseases, the most common cause of occupational diseases reported 
to the Institution for Statutory Social Accident Insurance and Prevention in the Health Care 
and Welfare Services (BGW). An occupational disease, as defined by the WHO, is “any 
disease contracted primarily as a result of an exposure to risk factors arising from work 
activity”, although this definition varies between countries. In order for infections to be 
recognized as an occupational disease, either the identification of an index case is needed or 
it must be shown that the likelihood in which a particular case of illness was attributable to 
the occupation: the probability of causation must be greater than 50% (the “more-likely-than-
not” rule). A general “rule-of-thumb” is to equate the probability of causation of 50% with a 
relative risk of disease equal to two (the “doubling of the risk”). This principle is used by many 
countries for the recognition of an occupational disease. Few studies have concentrated on 
the risk of infectious disease in daycare workers, who may be at higher risk than the general 
population due to their frequent and close contact to young children.  
 
Research questions:  
The primary aim of this review was to summarize the evidence on the relationship between 
being a daycare worker working with children and the possible increased risk for infections 
not preventable by vaccines. Furthermore, research gaps were to be identified. Finally, the 
implications for practice and health policy based on the evidence were to be described. 
 
Methods:  
For the systematic reviews with meta-analysis, the Medline and Embase databases were 
searched using search strings defined according to the Population, Exposure, Comparison, 
and Outcomes (PECO) applicable to the research questions in order to find studies on 
vaccine non-preventable infections in daycare workers published since 2000. The search hits 
were evaluated using predefined inclusion and exclusion criteria by two independent 
reviewers. A separate manual search was performed by reviewing the reference lists of key 
articles and systematic reviews. The “citation tracking factor” by Google scholar was used to 
find additional relevant studies. The resulting studies were extracted and were assessed in 
eight risk of bias domains for the judgement of study quality. With a meta-analysis, the 
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pooled risk of infections for daycare workers compared to the general or a reference 
population was calculated. The quality of evidence was assessed by the Grading of 
Recommendations Assessment, Development, and Evaluation (GRADE). 
 
Results:  
After evaluating the 6879 records, ten methodologically adequate studies were identified 
regarding parvovirus B19 infection (four studies) and cytomegalovirus (CMV) infection (six 
studies). No adequate studies on other infections were found. For parvovirus B19 infection, 
three cross-sectional studies and one retrospective cohort study were identified. The pooled 
parvovirus B19 seroprevalence in daycare workers was 70.3% (95% CI 59.5-80.4). Of 
three studies investigating the relative risk (RR) of parvovirus B19 infection on daycare 
workers, only one study evaluated seroconversion rates. There was an indication for an 
increased risk of parvovirus B19 infection for daycare workers compared to the unexposed 
population (RR = 1.12, 95% CI 0.98–1.27) using prevalence estimators. Furthermore, 
daycare workers had a higher parvovirus B19 seroconversion rate compared to the 
unexposed population (RR = 2.63, 95% CI 1.27–5.45) in the low risk of bias study. For CMV 
infection, five cross-sectional studies and one cohort study were included. The pooled CMV 
seroprevalence of daycare workers was 59.3% (95% CI 47.6-70.9). The four studies 
investigating risk of infection indicated an increased seroprevalence for daycare workers 
compared to a reference population (prevalence ratio, RR=1.54, 95% CI 1.33-1.77). No study 
evaluated CMV seroconversions for daycare workers. 
 
Conclusions:  
The findings suggest higher parvovirus B19 and cytomegalovirus seroprevalence for daycare 
workers compared to the general population. There is a need for longitudinal and higher-
quality studies regarding infections not preventable by vaccines in daycare workers, as well 
as a need to study other infections for which daycare workers may be at higher risk. 
Nonetheless, when the actual occupational seroconversion risk is considered by taking into 
account the pre-occupational seroprevalences, the pooled relative risks for both parvovirus 
B19 and CMV infection are compatible with a doubled seroconversion risk corresponding to 
a probability of causation due to the occupation of at least 50%. Preventative efforts in the 
workplace are needed based on the legally required risk assessment at the workplace. 
Moreover, it is important to raise awareness of the potential risk of infection in women trying 
to conceive or during pregnancy. Recommendations to prevent infections in the day care 
center include using gloves and frequent handwashing after exposure to young children’s 
bodily fluids, cleaning surfaces, and avoiding intimate contact with young children if pregnant, 
although these measures alone may not completely protect the daycare worker from 
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infection. Currently, in Germany, an employment ban for pregnant daycare workers depends 
on the federal state. To avoid occupational risks for pregnant daycare workers, scientific-
based guidelines should be developed and applied consistently. 
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Zusammenfassung 
Hintergrund:  
Infektionskrankheiten sind vor allem in Entwicklungsländern verbreitet. Nichtsdestotrotz 
stellen Infektionskrankheiten auch in Ländern mit hohem Einkommen ein bedeutsames 
Problem für die öffentliche Gesundheit dar. In einigen beruflichen Tätigkeitsbereichen – 
zum Beispiel im Gesundheitswesen, in Laboratorien und bei Pflegeanbietern –  kann ein 
besonders hohes Infektionsrisiko bestehen. In Deutschland bilden Infektionskrankheiten 
nach den Hauterkrankungen diejenige Krankheitsgruppe, für die bei der 
Berufsgenossenschaft für Gesundheitsdienst und Wohlfahrtspflege (BGW) die meisten 
Verdachtsanzeigen auf das Vorliegen einer Berufskrankheit eingehen. Eine 
Berufskrankheit im Sinne der WHO ist „jede Krankheit, die in erster Linie aufgrund der 
Exposition gegenüber berufsbezogenen Risikofaktoren auftritt“; allerdings unterscheiden 
sich die Berufskrankheitendefinitionen zwischen den Ländern. Damit eine 
Infektionskrankheit als Berufskrankheit anerkannt werden kann, muss entweder ein 
Indexfall identifiziert werden, oder es muss nachgewiesen werden, dass eine 
wesentliche Ursache der Infektionskrankheit in der beruflichen Tätigkeit liegt – mittels 
epidemiologischer Terminologie ausgedrückt: dass die berufliche 
Verursachungswahrscheinlichkeit größer als 50% ist (eher wahrscheinlich als 
unwahrscheinlich).Das Erreichen einer beruflichen Verursachungswahrscheinlichkeit 
von 50% lässt sich als „Faustregel“ mit einem relativen Erkrankungsrisiko von 2 (dem 
„Verdopplungsrisiko“) gleichsetzen. Auf dieser Grundlage spielt das Verdopplungsrisiko 
in vielen Ländern eine besondere Bedeutung für die Anerkennung einer Berufskrankheit. 
Nur wenige Studien haben bisher das Risiko für eine Infektionskrankheit bei 
Beschäftigten in Kindertagesstätten untersucht, die aufgrund ihres häufigen und engen 
Kontakts zu kleinen Kindern einem höheren Infektionsrisiko als die allgemeine 
Bevölkerung unterliegen können. 
 
Fragestellung:  
Das Hauptziel diese Arbeit war es, die Evidenz für nicht impfpräventable 
Infektionsrisiken von Beschäftigten in Kindertagesstätten zusammenzufassen. Darüber 
hinaus wurden Forschungslücken identifiziert, und die Implikationen der gewonnenen 
Erkenntnisse für die Praxis und die Gesundheitspolitik wurden beleuchtet. 
 
Material und Methoden:  
Für den systematischen Review mit Metaanalyse wurden die Medline- und Embase-
Datenbanken mit Hilfe von Suchbegriffen gesichtet, die nach PECO-(Population-
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Exposure-Comparison-Outcome)-Kriterien definiert wurden. Es wurden alle Studien zu 
nicht impfpräventablen Infektionen bei Beschäftigten in Kindertagesstätten, die seit 2000 
publiziert wurden, eingeschlossen. Zwei unabhängige Reviewer bewerteten die 
Suchtreffer anhand vordefinierter Ein- und Ausschlusskriterien. Eine separate manuelle 
Suche wurde durchgeführt, in der die Referenzlisten der wichtigsten eingeschlossenen 
Artikel sowie systematische Reviews überprüft wurden. Der "Citation Tracking Factor" 
von Google Scholar wurde dabei angewendet, um weitere relevante Studien zu 
identifizieren. Die daraus resultierenden Studien wurden extrahiert und in Bezug auf 
acht „Risk of Bias“-Domänen hinsichtlich ihrer Studienqualität bewertet. Es wurde das 
gepoolte Infektionsrisiko für Erzieherinnen im Vergleich zur Allgemeinbevölkerung oder 
einer geeigneten Referenzbevölkerung mit metaanalytischen Techniken berechnet. Die 
Qualität der Evidenz wurde anhand der GRADE-Kriterien („Grading of Recommendations 
Assessment, Development, and Evaluation“) beurteilt. 
 
Ergebnisse:  
Nach Auswertung der 6879 Datensätze wurden 10 methodisch adäquate Studien zur 
Parvovirus B19-Infektion (vier Studien) und zur Cytomegalie (CMV)-Infektion (sechs 
Studien) identifiziert. Die Parvovirus-B19-Infektion wurde in drei Querschnittsstudien und 
einer retrospektiven Kohortenstudie betrachtet. Die zusammengefasste Parvovirus B19-
Seroprävalenz von Erzieherinnen betrug 70,3% (95%-Konfidenzintervall CI 59,5-80,4). 
Von drei Studien, in denen das relative Risiko (RR) einer Parvovirus-B19-Infektion bei 
Erzieherinnen ermittelt wurde, untersuchte nur eine Studie die Serokonversionsrate. 
Unter Verwendung von Prävalenzschätzern als Effektschätzer für das relative 
Infektionsrisiko ergaben sich Hinweise auf ein erhöhtes Risiko für eine Parvovirus-B19-
Infektion bei Erzieherinnen im Vergleich zur Vergleichsbevölkerung (RR = 1,12, 95% CI 
0,98–1,27). Darüber hinaus wiesen Erzieherinnen in der einzigen Studie mit geringem 
Verzerrungspotenzial („low risk of bias“) eine höhere Parvovirus B19- 
Serokonversionsrate auf als die Vergleichsbevölkerung (RR = 2,63, 95% CI 1,27–5,45). 
Für die Analyse der CMV-Infektionsrisiken ließen sich fünf Querschnittsstudien und eine 
Kohortenstudie einbeziehen. Die gepoolte CMV-Seroprävalenz von Erzieherinnen betrug 
59,3% (95% CI 47,6-70,9). Die vier Studien, in denen eine Vergleichsgruppe einbezogen 
wurde, wiesen auf eine erhöhte Seroprävalenz bei Erzieherinnen hin (RR = 1,54, 95% CI 
1,33-1,77). Keine Studie untersuchte die CMV-Serokonversionen von Erzieherinnen. In 
der systematischen Literaturrecherche ließen sich keine Studien zu anderen nicht 
impfpräventablen Infektionen finden. 
 
8 
 
Schlussfolgerungen:  
Die Ergebnisse deuten auf eine erhöhte Seroprävalenz von Parvovirus B19 und CMV 
bei Beschäftigten in Kindertagesstätten im Vergleich zur Allgemeinbevölkerung hin. 
Insgesamt konnten nur wenig qualitativ hochwertige Studien identifiziert werden, sodass 
weiterer Forschungsbedarf besteht. Neben Parvovirus B19 und CMV sollte zukünftig 
auch das Infektionsrisiko in Kindertagesstätten gegenüber anderen nicht impräventablen 
Infektionserregern untersucht werden. Wenn auf der Grundlage der Ergebnisse der 
vorgelegten Arbeit das tatsächliche berufliche Serokonversionsrisiko unter 
Berücksichtigung der vorberuflichen Seroprävalenzen abgeschätzt wird, sind die 
gepoolten relativen Risikoschätzer sowohl für Parvovirus-B19- als auch für CMV-
Infektionen mit einem doppelten Serokonversionsrisiko („Verdopplungsrisiko“) vereinbar. 
Dies würde eine berufliche Verursachungswahrscheinlichkeit der jeweiligen Infektion von 
mindestens 50% bedeuten. Somit sind in Kindertagesstätten zusätzliche 
Präventionsbedarfe zur Verhinderung arbeitsbedingter Infektionen zu konstatieren, die 
sich auf die gesetzlich vorgeschriebene Gefährdungsbeurteilung stützen sollten. 
Insbesondere schwangere Frauen bzw. allgemein Frauen im gebärfähigen Alter sollten 
um das potenzielle Infektionsrisiko wissen. Wichtige Präventionsmaßnahmen umfassen  
die Verwendung von Handschuhen und das Händewaschen nach dem Kontakt mit 
Körperflüssigkeiten von Kleinkindern, die Reinigung von Oberflächen und die 
Vermeidung eines engen Kontakts mit Kleinkindern bei bestehender Schwangerschaft. 
Derzeit wird in Deutschland unterschiedlich mit einem Beschäftigungsverbot für 
schwangere Kita-Beschäftigte umgegangen. Zur Vermeidung beruflicher 
Infektionsrisiken für schwangere Erzieherinnen sollten wissensbasierte Richtlinien 
entwickelt und einheitlich angewendet werden. 
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1. Introduction to the topic 
1.1 Introduction 
The Constitution of the World Health Organization (WHO) states as one of its functions to 
“promote the improvement of working conditions and other aspects of environmental 
hygiene” (International Health, 2002). Occupational health refers to all facets of health and 
safety in the workplace. It therefore includes the identification and prevention of a range of 
risks arising from factors which have more recently come into focus, such as psychosocial 
factors at work, to risks from the more traditional physical work environment (physical, 
chemical, and ergonomic hazards, as well as biological agents). Biological agents include 
microorganisms that may be harmful to health, with some causing infectious disease. 
Workers in several occupations may be exposed to infectious agents, either intentionally, 
such as in the case of laboratory workers working with specific microorganisms, or 
unintentionally through contact with biomaterials (through composting, recycling, waste water 
treatment), with animals (in agriculture or food processing) or with other humans (in 
healthcare or in education). An occupational disease, as defined by the WHO, is “any 
disease contracted primarily as a result of an exposure to risk factors arising from work 
activity”(World Health Organization). This definition varies considerably between countries: In 
Germany, recognition of an occupational disease follows when causality due to the 
occupation is demonstrated by the legal term “the theory of properly significant conditions” 
(Theorie der wesentlichen Bedingung”) (Becker, 2010).  
 
Approximately 9% of work-related deaths are due to infectious diseases (Hämäläinen et al., 
2017). In 2015, nearly 230,000 deaths were due to work-related communicable diseases, 
with the highest proportion coming from Asia (52%) and Africa (40%), and the lowest 
proportion from Europe (3%) and Oceania (0.2%) (Hämäläinen et al., 2017).  
 
It is expected that morbidity due to work-related infectious diseases to be higher, although 
accurate estimates are more difficult to obtain and will vary across the regions. Because 
communicable diseases are more prevalent in low and middle income countries (LMIC) than 
in high-income countries (HIC), it follows that communicable disease at work are less 
prevalent in HICs (Hämäläinen et al., 2007; Hämäläinen et al., 2017). Nonetheless, they 
should still be seriously considered. In Germany, work-related infectious diseases are, after 
skin diseases, the most common cause of occupational diseases reported to the Institution 
for Statutory Social Accident Insurance and Prevention in the Health Care and Welfare 
Services (BGW), which encompasses workers in the healthcare, veterinary, cosmetic, and 
daycare settings  (Nienhaus et al., 2017b). In 2015, about half of the cases reported were 
10 
 
made after contact with blood or blood syringes or after contact to scabies. Interestingly, the 
typical childhood diseases such as varicella, measles, mumps, rubella, pertussis, 
cytomegalovirus infection, or parvovirus B19 infection do not play a substantial role in the 
reported work-related infectious diseases (Nienhaus et al., 2017b).  
 
An occupational disease must be first recognized as such, primarily because this recognition 
is related to the worker’s compensation. In the case of an infectious disease, it is necessary 
to “prove” that the infection was indeed originated through contact with an infected person at 
the workplace. The assessment of the exposure and the risk of infection can be done either 
directly through the identification of an index case or indirectly through an estimate of the 
probability of infection. However, the detection of an index case may be difficult and is often 
not possible, either due to the way of transmission, or because the index person could have 
been asymptomatic but infectious, or because the incubation period may vary and last up to 
years, as in the case of tuberculosis (TB). Evidence from epidemiological studies showed 
that healthcare workers are at a higher risk than the general population of TB infection 
(Seidler et al., 2004; Seidler et al., 2005). Thus, a recommendation to alleviate the burden of 
proof for health care workers was made, and the identification of the specific source of TB 
infection is not required (Nienhaus et al., 2017a). Following the tuberculosis example, it is 
then crucial to estimate the effect of exposure, the occupation, on the risk of infection.  
 
In order to be recognized as an occupational disease, the “rule of thumb” is that the 
likelihood that a particular case of illness was attributable to the occupation (the probability of 
causation) must be greater than 50% (the “more-likely-than-not” rule) (Greenland, 1999). The 
probability of causation may be estimated easily by making assumptions detailed below. 
According to Greenland and Robins, if a disease incidence is evaluated over a specific time 
interval after exposure, there are three types of exposed subjects who become cases during 
the interval: Type 0, when the exposure had no impact on the case’s incident time; Type 1, 
when the exposure accelerated the case’s time of incidence (here, the subject would have 
been a case at a later time); or Type 2, when had the exposure never occurred, the subject 
would not have become a case (i.e. excess case) (Greenland and Robins, 1988). Both case 
types 1 and 2 are etiologically attributable to the exposure. As such, the etiologic fraction, or 
probability of causation, can be depicted as (Greenland and Robins, 1988): 
 𝐸𝑡𝑖𝑜𝑙𝑜𝑔𝑖𝑐	𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 = 	𝐴! + 𝐴"𝐴#  
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where A1 are the “accelerated cases”, A2 are the “excess cases”, and A+ is the total number 
of cases with the exposure, equivalent to A1+A2+A0, where A0 are the Type 0 cases.  
 
The excess fraction refers to the excess cases relative to the total number of cases, and 
corresponds to “the excess caseload produced by the exposure” (Greenland and Robins, 
1988): 
 𝐸𝑥𝑐𝑒𝑠𝑠	𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 = 	 𝐴"𝐴# 
 
It is important to note that the excess fraction does not equal the etiological fraction since the 
excess fraction does not take into account the cases that were accelerated by the exposure 
(A1 type cases). 
 
Consider the “relative risk” as the incident rate ratio (IR), the ratio of the incidence rates with 
and without the exposure of interest: 
 𝐼𝑅 = 	 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒	𝑟𝑎𝑡𝑒	𝑖𝑓	𝑒𝑥𝑝𝑜𝑠𝑒𝑑	(𝐼𝑒)𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒	𝑟𝑎𝑡𝑒	𝑖𝑓	𝑢𝑛𝑒𝑥𝑝𝑜𝑠𝑒𝑑	(𝐼𝑢) = 𝐼$𝐼% 
 
Furthermore, consider the rate fraction (RF), which estimates the excess incidence rate 
produced by the exposure, relative to the incidence rate if exposed is defined by: 
 𝑅𝐹 =	 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒	𝑟𝑎𝑡𝑒	𝑖𝑓	𝑒𝑥𝑝𝑜𝑠𝑒𝑑 − 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒	𝑟𝑎𝑡𝑒	𝑖𝑓	𝑢𝑛𝑒𝑥𝑝𝑜𝑠𝑒𝑑𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒	𝑟𝑎𝑡𝑒	𝑖𝑓	𝑒𝑥𝑝𝑜𝑠𝑒𝑑  
 
The above equation can be simplified further to the IR (Rothman et al., 2008): 
 
𝑅𝐹 =	 𝐼$ − 𝐼%𝐼$ =	 𝐼$ 𝐼%< − 𝐼% 𝐼%<𝐼$ 𝐼%< = 	 𝐼𝑅 − 1𝐼𝑅  
 
The IR can also be quantified by the ratio of cases that would occur with and without the 
exposure, A+/(A1+A0), and is approximately equal to the standardized morbidity ratio 
(Greenland, 1999): 
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 𝐼𝑅 − 1𝐼𝑅 ≈ 	𝑆𝑀𝑅 − 1𝑆𝑀𝑅 =	𝐴# (𝐴! + 𝐴&)A − 1𝐴# (𝐴! + 𝐴&)A = 	𝐴# − (𝐴! + 𝐴&)𝐴# = 𝐴"𝐴# 
 
In this case the rate fraction is equal to the excess fraction, which is also equivalent to the 
etiologic fraction if one can assume that either A1 is equal to zero or A2>>A1. This assumption 
cannot always be made, and may underestimate the probability of causation, especially for 
chronic diseases with age dependency (Brenner et al., 1993). Brenner et al. then proposed 
an estimate of the acceleration of disease through the calculation of rate advancement 
periods (RAP) (Brenner et al., 1993). RAP has been used for the calculation of the 
accelerated occurrence of lumbar spine diseases (Seidler et al., 2011). However, if we are 
able to assume that A1 is very small (or zero) compared to A2, then at a 50% probability of 
causation, IR=2. This value is referred to as the doubling dose, the exposure level at which 
the IR (or relative risk) is equal to two, and is used for the determination of occupational 
diseases. 
 
There have been numerous studies investigating the risk of infectious diseases in healthcare 
workers (Hu et al., 1991; Sepkowitz, 1996; Chodick et al., 2006; Joshi et al., 2006; Dulon et 
al., 2014), but few have concentrated on the risk of infectious disease in daycare workers 
(Joseph et al., 2006; Elsner et al., 2009). Daycare workers are of special interest due to their 
contact with young children, potentially increasing their exposure to childhood diseases. 
Young children may have a higher shedding prevalence than older children because they are 
more likely to spread urine or oral secretions since they are not yet toilet trained and are 
more likely to drool (Valeur-Jensen et al., 1999; Cannon et al., 2011).  
 
1.2 Aims of this study 
The aims of this cumulative dissertation were: 
(i) to determine if there is an increased risk of vaccine non-preventable infections in 
daycare workers compared to a reference population through a systematic review and 
meta-analysis, 
(ii) to identify research gaps regarding the risk of vaccine non-preventable infections in 
daycare workers, and 
(iii) to discuss the implications to health policy derived from the research done. 
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1.3 Scientific Approach to the Research 
In order to summarize the available evidence with regards to the above study objectives, a 
systematic review was undertaken, followed by a meta-analysis to summarize the results. 
The present review on vaccine non-preventable infections is part of a comprehensive review 
regarding prevalences and risks of infections in day care workers. The review includes 
vaccine-preventable diseases, which will be published elsewhere (Kofahl et al., 2019). It is 
an update of a previously-published review on risk of infectious diseases in daycare workers 
(Elsner et al., 2009).  
 
The guidelines for conducting and reporting meta-analyses of observational studies in 
epidemiology (MOOSE) (Stroup et al., 2000) as well as the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) (Moher et al., 2009) were followed. The 
review protocol for the study was registered at PROSPERO under record number 
CRD42018083646 and can be found at 
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=83646. 
 
1.3.1 Research questions 
The following research questions were developed for the systematic review: 
(1) Are daycare workers at a higher risk of vaccine non-preventable infections than the 
general population? 
(2) Which research gaps can be identified with regards to the association between being 
employed as a daycare worker and risk of vaccine non-preventable infections? 
(3) What are the implications for public health policy and for the clinical practice that 
result from the review? 
 
1.3.2 Identification of relevant studies 
The MEDLINE and Embase databases were searched on February 14, 2018 (with an update 
done on October 4, 2018) using search strings developed from the review question. The 
search strings were conceived according to the Population, Exposure, Control, and Outcome 
(PECO) scheme (Higgins and Green, 2011) to find studies published in peer-reviewed 
journals since 2000. To identify further relevant articles, a manual search was also performed 
by screening reference lists of key articles and systematic reviews. Key papers were marked 
and the “citation tracking factor” by Google Scholar was used to find additional relevant 
articles (Giles, 2005; Bakkalbasi et al., 2006). 
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The search was limited to studies conducted in European countries, USA, Canada, Australia, 
and New Zealand in order to increase the comparability of the population data. Only cohort, 
case-control, or cross-sectional studies examining an employable population between the 
ages of 16 and 70 years old were included. Only studies of daycare workers working in child 
daycare centers or child minders working with children up to six years old were considered. 
To evaluate the possible increased risk of infection in day care workers compared to a 
reference population, we considered studies using comparison populations employed in 
other occupational groups where an average population-based risk of infection can be 
presumed. Examples of these would be office workers or the use of the general population 
as a comparison. Inappropriate comparison populations would include occupational groups 
with an elevated risk of infection, such as healthcare workers. Because risks would be not 
representing the normal situation, studies done in response to a disease outbreak in a 
daycare center were excluded. No language restrictions were applied. 
The following infections not preventable by vaccines were considered: cytomegaly, 
parvovirus B19, borreliosis, Epstein-Barr virus, hepatitis C, hepatitis D, hepatitis E, hepatitis 
G, herpes simplex virus, legionellosis, mykoplasma infections, enteritis caused by EHEC, 
shigellosis, scarlet fever, streptococcus infections, impetigo contagiosa, salmonellosis, 
hantavirus infection, head louse infestation, scabies infestation, cryptosporidiosis, 
conjunctivitis, giardiasis, tuberculosis toxoplasmosis, HIV, and nontuberculous mycobacterial 
pneumonia. 
It is appropriate to further explain the measure of outcomes considered. The best measure of 
the relative risk of infection would be a seroconversion rate ratio of daycare workers 
compared to a reference population. In this case, both the exposed group (daycare workers) 
and unexposed group would be tested for seropositivity at baseline, then tested again after a 
follow-up period, and their seroconversion rates would then be confirmed. However, it is 
likely that many studies did not examine seroconversion. Therefore, seroprevalence studies 
in which seropositivity is measured both for the unexposed and exposed population and their 
prevalence ratios or prevalence odds ratios are calculated were considered. In this case, one 
could not differentiate between a primary infection and a former infection. Studies only 
reporting seroprevalences in daycare workers and which lacked an adequate comparison 
group were also considered. If seroprevalence studies were carried out in the general 
population of the same region and timeframe, one could use these studies to compare with 
the reported seroprevalences in daycare workers. 
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1.3.3 Study selection and data extraction 
First the titles and abstracts of the studies were screened by two independent scientists to 
rule out studies unrelated to our a priori defined research questions. In case of disagreement 
on inclusion, a consensus decision was sought by discussion. If still no agreement was 
reached, the decision was made by a third reviewer. The full texts of the remaining studies 
were likewise examined by two reviewers to determine if the inclusion criteria were met. The 
full text screening and data extraction was done by one reviewer and checked by another 
one. Disagreements were discussed in consensus conferences. The data extraction includes 
information on relevant study characteristics, such as first author and publication year, 
country of origin, exposure, outcome study population, recruitment, confounding, analysis 
methods, study results, conflicts of interest and risk of bias. 
 
1.3.4 Assessing study quality 
The risk of bias was assessed by two reviewers. The assessment of bias for each of the 
domains was “low”, “high” or “unclear”. There were eight domains of bias, which were 
adapted from the assessment criteria previously used by Ijaz and coauthors (Ijaz et al., 
2013). The criteria described by the Scottish Intercollegiate Guidelines Network (SIGN) 
(Scottish Intercollegiate Guidelines Network (SIGN)) and by the Critical Appraisal Skills 
Programme (CASP) (Critical Appraisal Skills Programme, 2018) were also recognized. 
The eight domains of bias included (1) recruitment and follow-up, (2) exposure definition and 
measurement, (3) outcome source and validation, (4) confounding, (5) analysis methods, (6) 
chronology, (7) funding, and (8) conflict of interest. Domains 1-5 were considered major 
domains for risk of bias, while the rest were considered minor domains. Longitudinal studies 
would be best to establish the time sequence between exposure (daycare occupation) and 
infection in order to help establish causality. However, cross-sectional studies should be 
acceptable for investigating the relative risk of infections because seropositivity of the 
researched infections is not likely to affect whether a person works as a daycare worker. In 
order for a study to have an overall low risk of bias, every major domain for risk of bias must 
be rated as low risk. If one of the major domains for risk of bias was rated as high risk or 
unclear risk, the study was considered to have a high overall risk of bias. 
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1.3.5 Meta-analysis 
Estimates for seroprevalence of infections and estimates of relative risks were pooled using 
data from the included studies. If the prevalences of the infections were high and odds ratios 
(OR) were estimated, ORs were converted to prevalence ratios (PRs) using the formula 
proposed by Zhan and Yu (Zhang and Yu, 1998). Statistical heterogeneity was assessed 
with the I2 statistic. Publication bias was assessed by observing funnel plot asymmetry and 
by the Egger’s test to check bias due to studies with a small sample size. 
 
1.3.6 Quality of evidence assessment 
To grade the quality of the total body of evidence, the Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) approach (Guyatt et al., 2011) was 
adopted. The quality of evidence could be assessed as high, moderate, low, or very low. As 
a starting point, the quality could be either high (indicating having longitudinal studies 
assessing seroconversion rate ratios) or moderate (if only cross-sectional analyses were 
done). Then the quality of evidence was downgraded based on four factors: study limitations 
(the majority of studies with a high risk of bias), inconsistency (I2 for the meta-analysis  
>50%), imprecision (the range of the confidence intervals of the studies >2.0), and 
publication bias (yes or unclear). Study findings with large effect sizes, corresponding to an 
effect estimate greater than 1.5 in low risk of bias studies, resulted in an upgrade of the 
quality of evidence. 
 
1.4 Results of the publications 
After title-abstract screening and full-text screening, eight relevant studies relating to vaccine-
non preventable infections in daycare workers were included: four studied parvovirus B19 
infection and six investigated cytomegalovirus (CMV) infection. The publications 
encompassing the cumulative dissertation attend to each infection separately. 
Shortly, Parvovirus B19 is common in childhood, and is mostly asymptomatic in children and 
teenagers. The symptomatic disease can be characterized by fever, malaise, a “slapped-
cheek” rash, and rheumatic symptoms. However, parvovirus B19 infection in pregnant 
women can pose a risk for miscarriage, intrauterine fetal death, fetal anemia and non-
immune hydrops, especially during the first two trimesters (Arbeitskreis Blut; Giorgio et al., 
2010; Berner et al., 2018). It has been reported that 1-5% of pregnant women are affected by 
parvovirus B19 infection worldwide (Crane, 2002). CMV infection is also common in 
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childhood, is usually transmitted through urine or saliva (Cannon et al., 2011), and is mostly 
asymptomatic in healthy adults and children. However, it is a primary cause for birth defects 
and disabilities from the vertical transmission from the pregnant mother to the fetus. The risk 
is highest in the first and second trimesters (Ahlfors et al., 1983; Stagno et al., 1986; Enders 
et al., 2001). It has been reported that CMV occurs in 0.6% of all live births worldwide 
(Kenneson and Cannon, 2007), and that about 10% of babies who develop a symptomatic 
congenital infection die. Up to half of babies develop neurological deficits and hearing loss 
(Scholz).  
 
1.4.1 Results Publication 1: Risk of parvovirus B19 infection in daycare workers 
Four studies (Gilbert et al., 2005; de Villemeur et al., 2011; van Rijckevorsel et al., 2012; 
Riipinen et al., 2014) investigated parvovirus B19, and originated either in Europe (de 
Villemeur et al., 2011; van Rijckevorsel et al., 2012; Riipinen et al., 2014) or in Canada 
(Gilbert et al., 2005). One study investigated seroconversion rate ratios (Riipinen et al., 2014) 
while two studies (de Villemeur et al., 2011; van Rijckevorsel et al., 2012) reported 
prevalence ratios. All four studies reported parvovirus B19 seroprevalence. 
 
1.4.1.1 Description and quality rating of included studies 
The cross-sectional study of De Villemeur et al. (de Villemeur et al., 2011) compared the 
parvovirus B19 seroprevalence of women working in daycare centers with the 
seroprevalence of women working in business organizations in France. This study included 
personnel in the exposed population who were not in regular contact with children (cleaning 
or administrative personnel). After adjusting for age, occupational group, number of children, 
duration of in-home child care, informal child-care, number of years in a child-care facility, 
and residency in a low developed country there was a slightly increased risk of infection for 
daycare workers compared to the business workers (prevalence ratio, PR= 1.05 95% CI 
0.94-1.16). Because the response of the control group was not available and because the 
exposed group included workers not exposed to young children at work, this study was rated 
as having a “high risk of bias”. 
Riipinen et al. (Riipinen et al., 2014) investigated parvovirus B19 infection risk on pregnant 
daycare workers using retrospective data collected between 1992 and 1993 from the Finnish 
Maternity Cohort. Seroprevalence was measured using early-pregnancy sera, and the cord 
blood samples of seronegative women were tested for seroconversion during pregnancy. 
Although the authors used healthcare workers as the reference group to estimate the 
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increased risk of daycare workers, they also included another comparison group “other 
occupations”, which could be used to indirectly compare the daycare workers to the general 
population. The study was characterized by a high response and an acceptable loss to 
follow-up. Compared to healthcare workers, daycare workers had a higher rate for infection 
(hazards ratio, HR= 2.63, 95% CI 1.27-5.46), and workers in other professions were at a 
decreased risk of infection compared to healthcare workers (HR= 0.85, 95% CI 0.18-4.09). 
This study was rated as having an overall “low risk of bias”. 
In a cross-sectional study, van Rijckevorsel and colleagues (van Rijckevorsel et al., 
2012)studied parvovirus B19 seroprevalence among women working in daycare centers in 
2007 in Amsterdam. Their risk of infection was compared to women who participated in a 
cross-sectional survey of the Amsterdam population (Amsterdam Health Monitor, AHM) in 
2004. The response of daycare centers was appropriate, and it was reported that nearly all 
daycare workers had agreed to participate. Adjusting for age, country of birth, and having 
children resulted in an increased prevalence ratio for daycare workers compared to the AMH 
population (PR=1.2, 95% CI 1.1-1.4). Because of the low response and because it was not 
clear whether all women in the exposed group had contact with children under 6 years of 
age, the study was rated as having a “high risk of bias”. 
Daycare workers from Canadian day care centers were studied by Gilbert et al. in 2001 
(Gilbert et al., 2005) with no comparison group. The response was low, and substantial 
differential selection of the study population could not be excluded. The overall 
seroprevalence for daycare workers was 69.8% (95% CI 65.5-73.9), and seroprevalence 
appeared to increase with age and with increasing experience in daycare. Because of the 
low response, the study was rated as having a “high risk of bias” 
Overall, only one study (Riipinen et al.) was rated as having a low risk of bias (i.e. high 
quality), whereas the other three were rated as having high risk of bias (i.e. low quality). 
 
1.4.1.2 Risk of parvovirus B19 infection and seroprevalence 
Only one study (Riipinen et al., 2014) providing the seroconversion risk ratio of daycare 
workers compared to another population was identified. Two other studies (de Villemeur et 
al., 2011; van Rijckevorsel et al., 2012) presented prevalence ratios. We compared the 
studies presenting PRs (also with high risks of bias) with the study providing a 
seroconversion risk ratio (low risk of bias). The pooled relative risk for the studies reporting 
PRs was 1.12 (95% CI 0.98-1.27), much lower than the one reporting seroconversion risk 
ratio RR 2.63 (95% CI 1.2-75.45) (see Figure 1). There was no evidence of publication bias 
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from the funnel plot and the Egger’s test was not significant (Egger’s coefficient = 2.92, 95% -
17.5-23.4, P=0.32). 
 
All four studies were included in the meta-analysis for seroprevalence. The overall 
prevalence of parvovirus B19 in daycare workers for the four included studies was 70.2% 
(95% CI 59.9-80.4) and heterogeneous (I2=96.5%) (Figure 2). To study whether the variation 
between studies might be due to age differences in the study populations, “older” (>34 years) 
and “younger” (≤34 years) populations were analyzed separately. The pooled prevalence for 
the “younger” population was 62.7% (95% CI 57.2-68.3, I2=68.5%), and that for the “older” 
population was 74.4% (95% 61.2-87.5, I2= 93.6%) (Figure 3).  
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1.4.1.3 Evidence for risk of infection on daycare workers 
After starting our GRADE evaluation at “high”, we judged the quality of evidence for risk of 
parvovirus B19 infection of daycare workers to be “moderate”. The majority of studies had a 
high risk of bias and there was a high inconsistency between the studies. However, the 
imprecision in the studies was acceptable, and the effect estimate in the low risk of bias 
study was greater than 1.5.  
 
1.4.2 Results Publication 2: Risk of cytomegalovirus infection in daycare workers 
Six studies (Kiss et al., 2002; Joseph et al., 2005; de Villemeur et al., 2011; van Rijckevorsel 
et al., 2012; Lamarre et al., 2016; Stranzinger et al., 2016) met our inclusion criteria, with four 
originating from Europe and two from Canada. Four studies examined risk of infection (Kiss 
et al., 2002; de Villemeur et al., 2011; van Rijckevorsel et al., 2012; Lamarre et al., 2016), 
and no study examined CMV seroconversion rates for daycare workers.  
 
1.4.2.1 Summary of the studies included 
The cross-sectional study of De Villemeur et al. (2011) was described above. After adjusting 
for age, occupational group, number of children, attendance and duration in a child care 
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facility, residence in a country of low, medium, or high developed country, and spouse 
contact with children or sick persons, the daycare workers had a higher CMV seroprevalence 
than the office workers (PR= 1.43, 95% CI 1.22-1.69). Because the response of the control 
group was not available and because the exposed group included workers not exposed to 
young children at work, this study was rated as having a “high risk of bias”. 
Kiss et al. (2002) studied the CMV seroprevalence of daycare workers compared to 
administrative workers in a cross-sectional study in Belgium. The response for administrative 
workers was low, but non-responder analysis revealed no difference in age, number of own 
children, and use of child daycare services between responders and non-responders for both 
occupational groups. After adjusting for age and number of own children, there was an 
increased CMV seroprevalence for kindergarten teachers compared to the administrative 
workers (originally reported OR= 1.54, 95% CI 1.01-2.35; converted PR= 1.34, 95% CI= 
1.01-1.71). This study was rated as having a “low risk of bias”. 
The Découvrir, Développer, Devenir (3D) cohort on pregnant women in their first trimester in 
Quebec, Canada studied the CMV seroprevalence in pregnant daycare workers compared to 
that of other workers (Lamarre et al., 2016). The general response from the 3D study was 
low. Pregnant daycare workers had an increased CMV seroprevalence compared to other 
workers in the 3D study (original OR= 4.49, 95% CI 1.57-12.82; converted PR= 1.88, 95% CI 
1.31-2.25). When restricting the population to only women born in Canada and USA, the 
resulting prevalence ratio increased (PR=2.28, 95% CI 1.22-3.21). This study was given a 
“high risk of bias” because of its low response and insufficient information on job 
characteristics. 
The cross-sectional study of van Rijckevorsel et al. (van Rijckevorsel et al., 2012) has been 
described above. For the crude analysis, there was no association between CMV prevalence 
and daycare workers (PR=1.0, 95% CI 0.9-1.1). A multivariate binomial regression analysis 
adjusting for age and having children was done with only the European-born AHM population 
and resulted in an increased CMV prevalence for daycare workers compared to the AHM 
population (PR=1.7, 95% 1.3-2.3). Because of the low response and because it was not clear 
whether all women in the exposed group had contact with children under 6 years of age, the 
study was rated as having a “high risk of bias”. 
A cross-sectional study by Joseph et al. (Joseph et al., 2005) evaluated the CMV prevalence 
in daycare center educators in Montreal, Canada in 2001 The response at the daycare and 
individual level was acceptable. Overall CMV seroprevalence for daycare workers was 57%. 
Those born in high-income countries had a seroprevalence of 48%, while those born in 
middle and low-income countries had a seroprevalence of 87% and 83%, respectively.  
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In Hamburg, Germany and its surrounding districts, a cross-sectional study by Stranzinger et 
al. (Stranzinger et al., 2016) investigated the CMV prevalence in pregnant daycare workers. 
The response was close to 100%. Seroprevalence for the daycare workers was 54.6%, and 
stratification indicated increasing seroprevalence with increasing age. Because the 
description of job characteristics was insufficient, the study was rated as having a “high risk 
of bias”. 
Overall, only one study (Kiss et al. 2002) studying risk of infection was rated as having a low 
risk of bias (i.e. high quality), whereas the other three were rated as having high risk of bias 
(i.e. low quality).  
 
1.4.2.2 Risk of CMV infection and seroprevalence 
No study providing the seroconversion risk of daycare workers was identified. Four studies 
presented either prevalence ratios or prevalence odds ratios. There was an increased CMV 
seroprevalence for daycare workers compared to the comparison population (PR= 1.54, 95% 
CI 1.33-1.77, I2= 28.4%) (Figure 4). The high risk of bias studies (de Villemeur et al., 2011; 
van Rijckevorsel et al., 2012; Lamarre et al., 2016) were compared with the result from the 
only low risk study (Kiss et al., 2002) to investigate if when grouped together by study quality, 
the PRs were similar. The overall PR for the high risk of bias studies was 1.60 (95% CI 1.35-
1.90), higher than Kiss et al.’s risk (PR= 1.34, 95% CI 1.03-1.74) (Figure 5).  
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The overall prevalence of CMV in daycare workers for the six studies was 59.3% (95% CI 
47.6-70.9) but was heterogeneous (I2= 96.2%). To investigate whether the variation between 
studies might be due to age differences in the study populations, the “younger” vs “older” 
populations were analyzed separately. Three studies did not stratify by age, and therefore 
they were not included in the analysis. Due to the original age categories, the definitions for 
“younger” and “older” populations were slightly different, but in general, it was categorized as 
younger and older than 36 years old. The prevalence for the younger population was 53.0% 
(95% CI 49.6-56.3, I2=0%), whereas the prevalence for the older population was 71.1% (95% 
CI 67.2-75.1, I2=71.6%). 
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1.4.2.3 Evidence for risk of CMV infection on daycare workers 
After starting our GRADE evaluation at “moderate”, the quality of evidence for increased risk 
of CMV infection among daycare workers was judged to be “low”. Although the imprecision 
was acceptable, most studies had a high risk of bias and the study with a low risk of bias had 
a risk ratio lower than 1.5. 
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SUPPLEMENTARY MATERIAL 
Risk of Bias Assessment 
(i) Recruitment procedure and follow-up. In order to be rated as low risk, the recruitment of all study 
types must have evaded selection bias. For cross-sectional studies and cohort studies, if the daycare 
worker and daycare center response was acceptable (50% or more), or if the response was between 
30% and 50% and a non-responder analysis was done to exclude substantial differential selection, 
the risk of bias was rated as low for this domain. For cohort studies, if the loss to follow-up was 
below 20%, and there was no substantial difference between the comparison groups the risk of bias 
was rated as low for this domain.  Case-control studies had the same response requirements for 
cases and controls. Note that studies which used convenience sampling, or with no reported 
response, or with a response less than 10% were excluded (see Table S1). 
 
(ii) Exposure definition and measurement. If the exposure definition included at least basic job 
characteristics (i.e. job tasks or length of employment), if the exposure was accurately measured to 
minimize bias, and if an adequate comparison group of non-exposed workers (i.e. office workers) 
was used, this domain was considered to be at low risk of bias. If different methods were used to 
measure exposure in different groups (or in case and control subjects), this domain was considered 
to have a high risk of bias. For the rate or risk outcomes, if only an inadequate comparison group 
was used which would not reflect the general population (i.e. healthcare workers), this domain was 
rated as having a high risk of bias. 
 
(iii) Outcome source and validation. If the outcome was objectively measured (i.e. by positive serology 
per parvovirus B19 IgG ELISA, used according to test kit instructions) and if measurement methods 
were similar in the different population groups, this domain was rated as having low risk of bias. 
 
(iv) Confounding and effect modification. If major confounding factors (at least age and socioeconomic 
status) were considered when calculating risk estimators, the study was considered to have a low 
risk of bias. Adjusting for age and socioeconomic status is important because of their effect on 
parvovirus B19 seroprevalence (4, 9). Gender was not considered as no difference on parvovirus 
B19 infection has been seen between men and women (20). 
 
(v) Analysis methods. If authors used adequate statistical models to reduce bias (i.e. standardization, 
matching, adjustment in a multivariate model, or stratification), this domain was declared to have 
low risk of bias. For studies reporting parvovirus B19 seroprevalence or incidence, the sex and age 
characteristics of the population must be described. 
 
(vi) Chronology. For the parvovirus B19 risk and rate outcomes, if the negative serology was 
objectively measured at baseline, this domain was considered to have a low risk of bias. For 
parvovirus B19 seroprevalence, the chronology domain was not evaluated as cross-sectional studies 
were considered appropriate. 
 
(vii) Funding. This was assessed in two areas: sources of funding and the involvement of the 
funding body in the research. If a study was funded by non-profit organization(s) and the study 
was not affected by sponsors, the domain was rated as low risk of bias. If the sponsoring 
organization participated in the data analysis or the study was probably affected by the sponsors, 
this domain was considered as having a high risk of bias. 
 
(viii) Conflict of interest. If the authors reported not having conflict of interest or if it was clear from 
either the report or communication that the study was not affected by the authors’ affiliation, this 
domain was rated as having low risk of bias. If at least one author had a conflict of interest, this 
domain was considered as having a high risk of bias. 
 
 
 
  
Table S1. Risk of bias form 
Major risk of bias 
domains* 
Risk Criteria 
1. Recruitment 
procedure & follow-up 
(in cohort studies): 
For cohort studies 
HINT: We are looking for 
selection bias: 
- Was the cohort 
representative of a 
defined population? # 
- Was everybody 
included who should 
have been included? # 
- If response rate on day 
care centre level is 
slightly <50% but does 
not indicate selection 
bias, it will be listed as 
a demerit in extraction 
table. 
PRELIMINARY 
RULING: 
- If the cohort 
recruitment is based 
on a convenient/ self-
reported sampling OR 
if response is <10% 
OR if the response was 
not reported, the study 
will be excluded from 
analysis. 
low ☐  Cohort recruitment was acceptable.# 
☐  Baseline response on both daycare workers and day care 
centre level is acceptable (50% or more) OR is <50% and 
>30%, but substantial differential selection could be 
excluded (e. g. by a non-responder analysis). 
☐  Loss to follow-up is below 20% in total and not different 
between the two groups (up to 10% difference).* 
high ☐  Cohort recruitment was not acceptable.# 
☐  Total loss to follow-up is larger than acceptable (20% or 
more)* OR drop out differs between the groups by more 
than 10%* OR the reasons for drop out considerably differ 
between exposed and non-exposed groups.* 
 
For case-control studies 
HINT: We are looking for 
selection bias: 
- Were the cases and 
control subjects 
representative of the 
same defined 
population (“study 
base”; geographically 
and/or temporally)? # 
- Was there an 
established reliable 
system for selecting all 
the cases? # 
- The same exclusion 
criteria are used for 
low ☐ Case selection and recruitment was acceptable.# 
☐  Control subjects’ selection and recruitment was acceptable.# 
☐  Baseline response for cases and control subjects is 
acceptable (50% or more) OR it is <50% and >30%, but 
substantial differential selection of cases and control 
subjects could be excluded (e.g. by a non-responder 
analysis)* 
high ☐  Case selection and recruitment was not acceptable.# 
☐  Control subjects’ selection and recruitment was not 
acceptable.# 
☐  Non-response was >70% for cases or control subjects OR it 
was >50% and<70%, but substantial differential selection of 
cases and control subjects could not be excluded.* 
 
Major risk of bias 
domains* 
Risk Criteria 
both cases and 
controls. # 
- Comparison is made 
between participants 
and non-participants 
to establish their 
similarities or 
differences. # 
- If response rate on day 
care centre level is 
slightly <50% but does 
not indicate selection 
bias, it will be listed as 
a demerit in extraction 
table. 
PRELIMINARY 
RULING: 
- If the cohort 
recruitment is based 
on a convenient/ self-
reported sampling OR 
if response is <10% 
OR if the response was 
not reportedthe study 
will be excluded from 
analysis. 
For cross-sectional 
studies 
HINT: We are looking for 
selection bias: 
- Was the study 
population 
representative of a 
defined population? # 
- Was everybody 
included who should 
have been included? # 
- If response rate on day 
care centre level is 
slightly <50% but does 
not indicate selection 
bias, it will be listed as 
a demerit in extraction 
table. 
PRELIMINARY 
RULING: 
- If the cohort 
low ☐  Recruitment of the study population was acceptable.# 
☐  Non-response was less than 50% OR it was >50% and <70%, 
but substantial differential selection of the study 
population could be excluded (e.g. by a non-responder 
analysis).* 
high ☐  Recruitment of the study population was not acceptable.# 
☐  Non-response was >70% OR it was >50% and <70%, but 
substantial differential selection of the study population 
could not be excluded.* 
 
Major risk of bias 
domains* 
Risk Criteria 
recruitment is based 
on a convenient/ self-
reported sampling OR 
if response is <10% 
OR if the response was 
not reported, the study 
will be excluded from 
analysis. 
2. Exposure definition 
and measurement 
low ☐  Exposure definition included at least basic job 
characteristics (e.g., job tasks, length of employment). 
☐  Exposure was accurately measured to minimize bias.# 
☐ Adequate comparison group of non-exposed workers (e.g. 
office workers) included. 
high ☐  Exposure does not cover basic job characteristics. 
☐  Exposure was not accurately measured.# 
☐  Different methods were used to measure exposure in 
different groups/ cases and control subjects (in case-control 
studies).§ 
☐  No adequate comparison group of non-exposed workers 
included (only for outcome 1b) 
unclear ☐  Not reported. 
3.Ia Outcome 
“seroconversion rate”. 
Source and validation 
low ☐  Outcome was accurately/ objectively measured to minimize 
bias (positive serology, medical diagnosis).# 
☐  Measurement methods were similar in the different 
groups.# 
high ☐  Outcome was not accurately or subjectively measured (self-
reported).# 
☐  Measurement methods were different in the groups.# 
unclear ☐  Not reported. 
3.Ib Outcome 
“prevalence ratio or 
prevalence odds ratio 
”. Source and 
validation 
low ☐  Outcome was accurately/ objectively measured to minimize 
bias (e.g. positive serology, medical diagnosis).# 
☐  Measurement methods were similar in the different 
groups.# 
high ☐  Outcome was not accurately or subjectively measured (e.g. 
self-reported).# 
☐  Measurement methods were different in the groups.# 
unclear ☐  Not reported. 
3.II Outcome 
“seroprevalence of the 
daycare workers”. 
Source and validation. 
low ☐  Outcome was accurately/ objectively measured to minimize 
bias (e.g. positive serology).# 
high ☐  Outcome was not accurately or subjectively measured.# 
unclear ☐  Not reported. 
 Figure S1. Funnel plot of studies in meta-analysis. 
 
Figure 2. Parvovirus B19 seroprevalence (%) of all included studies. 
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Abstract
Purpose The primary aim of this review was to summarize the evidence on the relationship between being a daycare worker 
working with children and the possible increased risk of cytomegalovirus infection.
Methods We searched the Medline and Embase databases using search strings defined according to the population, expo-
sure, comparison, and outcomes (PECO) applicable to our research questions in order to find studies published since 2000. 
Two independent reviewers evaluated the search hits using predefined inclusion and exclusion criteria. A manual search was 
performed to identify additional relevant literature. We extracted the resulting studies and assessed them in eight domains of 
bias. The pooled CMV seroprevalence for daycare workers compared to the general population was calculated.
Results After evaluating the 6879 records, six methodologically adequate studies were identified: five cross-sectional stud-
ies and one cohort study. The pooled seroprevalence of daycare workers was 59.3% (95% CI 47.6–70.9). The four studies 
investigating risk of infection indicated an increased seroprevalence for daycare workers compared to a reference population 
(prevalence ratio, PR = 1.54, 95% CI 1.33–1.77). No study evaluated CMV seroconversions for daycare workers.
Conclusions Our findings suggest a higher CMV seroprevalence for daycare workers compared to the general population. 
Notwithstanding the need for longitudinal and intervention studies, preventative efforts are needed. A pooled PR of 1.54 is 
compatible with a doubled seroconversion risk corresponding to a vocational probability of 50% if the substantial underes-
timation of the actual occupational seroconversion risk by prevalence-based estimators is considered.
Keywords CMV · Cytomegalovirus · Daycare educators · Kindergarten teachers · Occupational disease · Occupational risk
Introduction
Cytomegalovirus (CMV) infection is usually asymptomatic 
in healthy adults and children. However, the symptomatic 
infection resulting from horizontal (person to person) 
transmission through urine, saliva, or breastmilk (Cannon 
et al. 2011) is characterized by flu-like respiratory symp-
toms, fever, cough, and general malaise. When a person 
becomes infected, the virus remains latent and may reac-
tivate, although it is rare that a disease from CMV reacti-
vation occurs unless a person has a compromised immune 
system. A matter of major public health concern, CMV is 
a primary cause for birth defects and disabilities as a result 
of the vertical transmission from an infected mother to her 
child. An infection in the first and second trimesters in preg-
nancy poses an increased risk for the fetus (Ahlfors et al. 
1983; Enders et al. 2001; Stagno et al. 1986). It has been 
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reported that CMV occurs in 0.64% of all live births world-
wide (Kenneson and Cannon 2007). About 10% of babies 
who develop a symptomatic congenital infection die, and up 
to 50% develop neurological deficits and progressive laby-
rinthine hearing loss (Scholz 2009).
CMV infections are especially common in childhood or 
adolescence, with seroprevalence increasing with age (Can-
non et al. 2010). CMV seroprevalence among women of 
reproductive age varies by country, with the highest preva-
lence in South America, Africa, and Asia (Cannon et al. 
2010). However, elevated numbers have been reported in 
Europe and North America, such as in Canada (81%), Italy 
(77%), and Sweden (72%), and the lowest numbers occur in 
countries such as Germany (47%) and France (45%) (Can-
non et al. 2010; Manicklal et al. 2013; Hecker et al. 2004). 
Wide regional differences within countries have also been 
reported, and CMV prevalence in the population are as well 
influenced by socioeconomic status (SES) (Cannon et al. 
2010) and child-rearing practices (Gail 1991). Although it 
has been thought that a primary infection during pregnancy 
is more likely to result in a congenital infection and manifes-
tation of the disease in children (Fowler et al. 1992; Stagno 
et al. 1982), several studies indicate that an equal or even a 
majority of symptomatic congenital infections are due to 
non-primary infections (Puhakka et al. 2017;  de Vries et al. 
2013; Boppana et al. 1999). Contact with young children 
increases the risk for CMV infection (Cannon et al. 2011; 
Francisse et al. 2009), both because of young children’s high 
shedding prevalence and because they are more likely than 
older children to spread urine or oral secretions to others 
since they are not yet toilet trained and are more likely to 
drool (Cannon et al. 2011). Due to the increasing number 
of children attending daycare (Schober 2014), the need for 
childcare workers is also increasing. It is, therefore, worth-
while to investigate the risks of people, especially among 
women in childbearing age, working in close and frequent 
contact with children, such as those working in a daycare 
environment or kindergarten.
Our aim was to determine if there is an increased risk of 
CMV infection for daycare workers compared to the general 
population. In addition, we aimed to characterize the sero-
prevalence of CMV in daycare workers. For this purpose, we 
performed a systematic literature review of studies investi-
gating CMV infection on daycare workers.
Methods
Protocol and registration
The present review on CMV infection is part of a compre-
hensive review of prevalences and risks for infections in day-
care workers, and an update of a previously published review 
on risk of infectious diseases in daycare workers (Elsner 
and Nienhaus 2009). We followed the guidelines for con-
ducting and reporting meta-analyses of observational stud-
ies in epidemiology (MOOSE) (Stroup et al. 2000) and the 
preferred reporting items for systematic reviews and meta-
analyses (PRISMA) (Moher et al. 2009). A review proto-
col for the study, registered at PROSPERO (record number 
CRD42018083646), can be found at: https ://www.crd.york.
ac.uk/prosp ero/displ ay_recor d.php?Recor dID=83646 .
Search, selection, and data extraction
On February 14 2018, we searched the MEDLINE and 
Embase databases using search strings developed for the 
review questions according to the Population, Exposure, 
Control, and Outcome (PECO) scheme (Higgins and Green, 
2011) to find studies published in peer-reviewed journals 
since 2000. An update on this search was done on October 
4, 2018. Our search strategy for MEDLINE via Pubmed is 
presented in Fig. 1. To increase the comparability of the 
population data, we limited the review to studies conducted 
in European countries, USA, Canada, Australia, and New 
Zealand. Only cohort, case–control, or cross-sectional stud-
ies examining an employable population (between 16 and 
70 years old) were included. We included studies of nursery-
school teachers working in child daycare centers or of day-
care child minders working with children up to 6 years of 
age. For risk of infection, we considered studies using com-
parison populations employed in other occupational groups 
where an average population-based risk for infection can be 
presumed (i.e. office worker, general population), and we 
excluded studies using occupational groups with elevated 
risk of infection (i.e. health care workers) as comparison 
populations. We also excluded studies done in response to a 
disease outbreak in a child daycare center. In order to mini-
mize reporting biases, we applied no language restrictions. 
Table 1 summarizes our inclusion and exclusion criteria. 
The best measure of the relative risk would be a CMV 
seroconversion rate ratio of daycare workers compared to an 
unexposed population. That is, the daycare workers and the 
comparison group would be tested for CMV seropositivity, 
tested again for CMV seropositivity after a follow-up period, 
and their seroconversion rates at the end of the follow-up 
would be compared. Only a CMV seroconversion would 
be able to confirm the occurrence of a primary infection. 
However, many studies may not have considered seroconver-
sion. We, therefore, also considered seroprevalence studies 
in which CMV seropositivity is measured for both daycare 
workers and a comparison population, and their infection 
relative risks are calculated by prevalence ratios or preva-
lence odds ratios. In this case, it will not be possible to dif-
ferentiate between a recent primary infection and a former 
infection. Last, we considered studies reporting only CMV 
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Fig. 1  MEDLINE search strategy PubMed February 2018 (Last update 04 October 2018)
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seroprevalence of daycare workers which lacked an adequate 
comparison group. Although seroprevalence would not pro-
vide a measure of relative risk, we intended to pool the CMV 
seroprevalence in daycare workers and later, if available, 
compare to CMV seroprevalence studies done in the general 
population in the same country and similar timeframe. In 
summary, for our study we considered three outcomes:CMV 
infection relative risk as reflected by CMV seroconversion 
rate ratios (outcome Ia) or CMV prevalence ratios or preva-
lence odds ratios (outcome Ib), and CMV seroprevalence of 
daycare workers alone (outcome II).
Initially, titles and abstracts of the studies were screened 
by two independent scientists using covidence (covidence 
systematic review software) to eliminate studies that were 
unrelated to the a priori defined research questions. In case 
of disagreement on inclusion, a consensus decision was 
sought by discussion. If still no agreement was achieved, 
the decision was made by a third reviewer. Reference lists of 
key articles and systematic reviews were screened to iden-
tify further relevant studies. Furthermore, key papers were 
marked and the “citation tracking factor” by Google Scholar 
was used to find additional relevant studies (Bakkalbasi et al. 
2006; Giles 2005). The full texts of the remaining studies 
were then thoroughly and independently examined by two 
reviewers to determine if the inclusion criteria for this spe-
cific review were met.
The data extraction was done by one reviewer and was 
checked by another one. Disagreements were discussed 
in consensus conferences moderated by the principal 
investigator (KR). We tried to obtain missing information 
through personal communication with authors. The data 
extraction form includes information on relevant study 
characteristics (first author and publication year, country of 
origin, exposure, outcome, study population, recruitment, 
confounding, analysis method, study results, conflicts of 
interest, and risk of bias).
Risk of bias assessment
For each included study, two reviewers assessed the risk of 
bias for eight domains of bias as low, high, or unclear. The 
eight domains of bias were adapted from the assessment 
criteria used by Ijaz et al. (2013). Our assessment also con-
sidered the criteria described by SIGN (Scottish Intercollegi-
ate Guidelines Network (SIGN) 2012) and CASP (Critical 
Appraisal Skills Programme 2018a, b):
 (i) Recruitment procedure and follow-up In order to 
be rated as low risk, the recruitment of all study 
types must have avoided selection bias. For cross-
sectional studies and cohort studies, if the educator 
and daycare center response was acceptable (50% or 
more), or if the response was between 30 and 50% 
and a non-responder analysis was done to exclude 
substantial differential selection, the risk of bias for 
this domain was rated as low. For cohort studies, if 
the loss to follow-up was below 20%, and there was 
no substantial difference between the comparison 
Table 1  Eligibility criteria
a Search was conducted for following diseases of interest: (1) preventable by vaccination: mumps, measles, rubella, pertussis, varicella, hepatitis 
A, hepatitis B, diphtheria, poliomyelitis, haemophilus influenza type b, pneumococcal infection, meningococcal infection, rotavirus, influenza, 
tick-borne encephalitis, rabies, tetanus; (2) not preventable by vaccination: cytomegaly, parvovirus B19, borreliosis, Epstein-Barr-virus, hepatitis 
C, hepatitis D, hepatitis E, hepatitis G, herpes simplex virus, legionellosis, mycoplasma infections, enteritis caused by EHEC, shigellosis, scarlet 
fever, streptococcus infections, impetigo contagiosa, salmoneloosis, hantavirus infection, head lice infestation, scabies infestation, cryptosporidi-
osis, conjunctivitis, giardiasis, tuberculosis toxoplasmosis, HIV, nontuberculous mycobacterial pneumonia
Inclusion criteria Exclusion criteria
Population employable population (both sexes, 16–70 years old) persons younger than 16 years or older than 70 years, non-
employable population, animals
Exposure(s) employment as a nursery-school teacher in a child daycare 
center or as a daycare childminder, working with children 
aged up to 6 years
housekeeping employees without primary relation to children 
(caretaker, kitchen or cleaning worker), medical care staff 
and other settings than child day care
Comparator/control population employed in other occupational groups without 
regular contact with daycare children where an aver-
age risk for infection can be assumed (i.e. office worker, 
general population)
occupational groups with elevated infection risk (i.e. health 
care workers)
Outcomesa Ia. CMVseroconversion rate ratios
Ib. CMV prevalence ratios or prevalence odds ratios
II. CMV seroprevalence of the daycare workers
Study design Outcomes Ia and Ib: cross-sectional, case–control, and 
cohort studies
Outcome II: cross-sectional and cohort (baseline character-
istics)
RCTs, qualitative studies, ecological studies, case reports, 
studies conducted in response to a disease outbreak in 
a child day care center, experiments, comments, letters, 
editorials, congress abstracts, posters
15International Archives of Occupational and Environmental Health (2020) 93:11–28 
1 3
groups (up to a 10% difference), the risk of bias for 
this domain was rated as low. Similarly, for a case–
control study to be rated as having low risk of bias 
for this section, both cases and controls should have 
had a response of 50% or more, and if this number 
was not achieved, substantial differential selection of 
cases and controls should have been excluded by a 
non-responder analysis.
 (ii) Exposure definition and measurement If the exposure 
definition included at least basic job characteristics 
(i.e. job tasks or length of employment), if the expo-
sure was accurately measured to minimize bias, and 
if an adequate comparison group of non-exposed 
workers (i.e. office workers) was used, the “exposure 
definition and measurement” domain for the study 
was considered to be at low risk of bias. If different 
methods were used to measure exposure in different 
groups (or in case and control subjects), this domain 
was considered to have a high risk of bias. For the 
risk outcome, if a comparison group was used that 
would not adequately reflect the general population 
(i.e. healthcare workers), this domain was marked as 
having a high risk of bias.
 (iii) Outcome source and validation If objectively meas-
ured (i.e. positive serology per CMV IgG ELISA, 
used according to test kit instructions) and if meas-
urement methods were similar in the different popu-
lation groups, this domain was considered to have a 
low risk of bias.
 (iv) Confounding and effect modification If major con-
founding factors (at least age, sex, and socioeconomic 
status) were considered when calculating risk estima-
tors, this domain was considered to have a low risk 
of bias. We considered age as a major confounder 
because of the effect of age on CMV seroprevalence 
and because age is also associated with the amount 
of time one could have been working as a daycare 
worker. It has been also found that CMV seropreva-
lence and seroconversion occurs more frequently in 
women (Hecker et al. 2004) and in populations with 
lower socioeconomic status (Cannon et al. 2010). 
This criterion was not applicable towards studies 
assessing only the CMV seroprevalence, outcome II.
 (v) Analysis methods If authors used adequate statistical 
models to reduce bias (i.e. standardization, matching, 
adjustment in a multivariate model, or stratification), 
the domain was declared to have low risk of bias. For 
studies reporting CMV seroprevalence, sex and age 
must be described.
 (vi) Chronology. For the CMV seroconversion rate and 
risk outcomes, if the negative serology was objec-
tively measured at baseline and measured again 
after a follow-up period (i.e. a longitudinal study), 
the chronology domain, which helps assess the time 
sequence of events, was considered to have a low risk 
of bias. For reporting CMV seroprevalence, cross-
sectional studies were considered to be appropriate.
 (vii) Funding This was assessed in two areas: sources of 
funding and the involvement of the funding body 
in the research. If a study was funded by non-profit 
organization(s) and it was not affected by sponsors, 
the domain was rated as low risk of bias. If the spon-
soring organization participated in the data analysis 
or the study was probably affected by the sponsors, 
the domain was considered as having a high risk of 
bias.
 (viii) Conflict of interest If the authors reported not hav-
ing conflict of interest or if it was clear from either 
the report or communication that the study was not 
affected by the authors’ affiliation, the domain was 
rated as having low risk of bias. If at least one author 
had a conflict of interest, the domain was considered 
as having a high risk of bias.
Overall assessment of risk of bias
For the overall assessment of the risk of bias of a study, 
we assigned domains into two hierarchical groups. Five 
domains were defined as “major domains for risk of bias”: 
(i) recruitment procedure and follow-up (in cohort studies), 
(ii) exposure definition and measurement, (iii) outcome 
source and validation, (iv) confounding, and (v) methods 
of analysis. The other three domains were defined as minor 
domains and were: (vi) chronology (in the case of serocon-
version rates and infection risk outcomes), (vii) funding, and 
(viii) conflicts of interest. Cross-sectional studies should be 
acceptable for investigating CMV risk ratios because we 
assert that CMV seropositivity is not likely to affect whether 
a person works as a daycare teacher; therefore, we consid-
ered chronology as a minor domain. In order for a study to 
have an overall low risk of bias, every major domain for 
risk of bias would have to be rated as low risk. If one of 
the major domains for risk of bias was rated as either high 
risk or unclear risk, the study was considered to have a high 
overall risk of bias. The detailed form is available in Sup-
plementary Table 1.
Statistical analysis
For the meta-analysis, we at first took both prevalence ratios 
(PR) and odds ratios (OR) as estimates of the relative risk. 
CMV seroprevalence is generally high, and ORs will, there-
fore, tend to overestimate risk compared to prevalence ratios 
(PR). Therefore, we converted ORs to PRs using the base-
line prevalence in the unexposed group using the formula 
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proposed by Zhang and Yu (1998). We assessed statistical 
heterogeneity with the I2 statistic.
We assessed publication bias by observing funnel plot 
asymmetry and performing the Egger’s test to check bias 
due to small studies.
GRADE: quality of evidence assessment
We used the Grading of Recommendations Assessment, 
Development, and Evaluation (GRADE) approach for grad-
ing the quality of the total body of evidence (Guyatt et al. 
2011), following the example of Ijaz et al. (2013) and Kuijer 
et al. (2018). Four levels of quality were used: high, moder-
ate, low, and very low. An initial “high” level would indi-
cate having longitudinal studies assessing seroconversion 
rate ratios. If only cross-sectional analyses were done, then 
the starting level would be set to “moderate”. The quality of 
evidence was downgraded based on these four factors: study 
limitations (majority of studies having high risk of bias), 
inconsistency (I2 > 50%), imprecision (range of the CI of 
studies > 2.0), and publication bias (yes or unclear). Study 
findings with large effect sizes (an effect estimate > 1.5 in 
low risk of bias studies) resulted in an upgrade of the qual-
ity of evidence.
Results
Search results
Six studies (Kiss et al. 2002; de Villemeur et al. 2011; 
Lamarre et al. 2016; Stranzinger et al. 2016; van Rijckevor-
sel et al. 2012; Joseph et al. 2005) met our inclusion crite-
ria (Fig. 2) and are characterized in Table 2 and below. All 
studies originated either in Europe (four) or Canada (two) 
and investigated CMV seroprevalence. Of these, two were 
qualified as having an overall low risk of bias (Kiss et al. 
2002; Joseph et al. 2005), while the others were rated as 
having a high risk of bias. Of the six studies, four exam-
ined risks of infection (Kiss et al. 2002; de Villemeur et al. 
2011; van Rijckevorsel et al. 2012; Lamarre et al. 2016), and 
only one was rated as having a low risk of bias (Kiss et al. 
2002). No study examined CMV seroconversion rates for 
daycare workers. All studies meeting our inclusion criteria 
were included in the meta-analysis of immunity status and 
risk of infection.
The cross-sectional study of De Villemeur et al. (2011) 
recruited 395 women working in one of 83 child daycare 
centers and 382 women employed in one of two business 
organizations in Isère, France. The response of the exposed 
group (daycare workers) was acceptable (63%). Even though 
no specific information was available on the response for 
the unexposed group (office workers), it was clarified that 
women in this group were required to have annual health 
and blood tests. Women were recruited at the consultation, 
and though not all women went to the tests, no refusals 
were reported (email communication with author). This 
study included personnel who were not in regular contact 
with children (cleaning or administrative personnel) in the 
exposed population. CMV immunity status was measured 
by CMV IgG assays for both groups. The resulting crude 
seroprevalence of CMV in child-care workers was 69.4%, 
while the comparison group had a seroprevalence of 41.1%. 
Results from multivariate log-binomial models (adjusted by 
age, occupational group, number of children, attendance and 
duration in a child care facility, residence in a country of 
low, medium, or high developed country, and spouse con-
tact with children or sick persons) to estimate prevalence 
ratios showed increased CMV prevalence to be associated 
with daycare workers (PR = 1.43, 95% CI 1.22–1.69). The 
CMV seroprevalence ratio did not differ by age; however, 
for women aged 37 years or more with two or more children, 
there was not an elevated CMV seroprevalence in daycare 
workers compared to the business workers. Using a reference 
of less than 63 months on the job in the daycare center, the 
authors also found increasing infection risks with increased 
occupational exposure (63–126 months: RR = 1.28, 95% CI 
0.93–1.50; 127–213 months: RR = 1.45, 95% CI 1.16–1.81; 
214–379 months: RR = 1.57, 95% CI 1.25–1.98).
In a cross-sectional study for the region of East Flanders 
in Belgium, Kiss et al. (2002) studied the immunity status 
of kindergarten teachers in 50 kindergartens and their risk of 
infection using administrative workers employed in admin-
istrative departments located in similar geographical sites 
as the kindergarten teachers. The response for kindergarten 
teachers and administrative workers was 73.8% and 41.4%, 
respectively. A non-responder analysis was done, and no dif-
ference in age, number of own children, and use of child day-
care services was seen between responders and non-respond-
ers for both occupational groups. CMV immunity status 
was measured by CMV IgG assays for both groups. The 
CMV seroprevalence for kindergarten teachers was 30.8%, 
whereas the reference group had a 27.6% CMV seropreva-
lence. Results from a logistic regression model adjusted by 
age and number of own children showed an increased CMV 
seroprevalence for kindergarten teachers compared to the 
administrative workers (originally reported OR = 1.54, 95% 
CI 1.01–2.35; converted PR = 1.34, 95% CI = 1.01–1.71). 
An internal analysis on the kindergarten teachers showed 
no effect between working with older children (4–6 years) 
and working with children between the ages of 2 and 4 years 
(OR = 0.84, 95% CI 0.46–1.55). Those working longer at 
the daycare center (> 10 years) had higher odds of infec-
tion than those working for less than 10 years, although the 
results were not statistically significant (OR = 1.78, 95% CI 
0.34–1.83).
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A cross-sectional study by Joseph et al. (2005) eval-
uated the CMV prevalence in daycare center educators 
in Montreal, Canada between October and December 
2001. For this investigation, 81 daycare centers were 
randomly sampled, and all 473 educators were women. 
The response at the daycare and individual level was 53% 
and 54%, respectively. Overall CMV seroprevalence for 
daycare workers was 57%, which was measured by CMV 
IgG ELISA. Stratification by educator age revealed an 
increasing seroprevalence with increasing age. Those born 
in high-income countries had a seroprevalence of 48%, 
while those born in middle and low-income countries had 
Fig. 2  Flow chart of the included studies
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a seroprevalence of 87% and 83%, respectively. An inter-
nal analysis of the daycare educators revealed an increas-
ing unadjusted odds of infection with increased experi-
ence in day care (OR per 5-year increment = 1.10, 95% 
0.95–1.28). A crude analysis done on the age of children 
cared for and CMV infection revealed no indication of an 
association. Furthermore, there was an increased odds of 
infection with increasing age of day care workers (OR per 
5-year = 1.19, 1.05–1.35).
In a cross-sectional study carried out in Amsterdam, 
van Rijckevorsel et al. (2012) studied the CMV seropreva-
lence among 242 females working in one of 38 randomly 
sampled daycare centers in 2007, measured by CMV IgG 
ELISA. Their CMV seroprevalence was compared to that of 
Table 2  Characteristics of included studies
First author, 
publicaon 
year
Study 
region
Study 
design
Populaon Exposure, duraon of 
employment, job dues
Outcome 
measurementSample populaon No. of exposed/ 
No. of unexposed 
(Response, age)
Time of 
recruitment
De Villemeur et 
al 2011
France Cross-
seconal 
study
Women 20-50 yrs, not 
pregnant, employed in either 1 
of 83 child day care centers 
(exposed) or in 1 of 2 business 
organizaons (unexposed)
Exposed
N= 395 (all women)
Mean age= 39.0 yrs. Age 
range: 38.3-39.7
Response= 63.3%
Not exposed
N= 382 (all women)
Mean age= 39.3 yrs.
Age range: 33.1-34.8
Response= N.A.
2005-2007 Self- administered 
quesonnaires
Duraon of employment: NA
Job dues:
NA
Blood samples
IgG Enzygnost® 
an-CMV (Dade
Behring)
Kiss et al 2002 Belgium Cross-
seconal 
study
Kindergarten teachers from 50 
kindergartens (exposed) and 
administrave workers 
employed in administrave 
departments (unexposed) in 
similar geographical sites
Exposed
N= 211 (all women)
Mean age= 34.0 yrs. Age 
range: 21-56
Response= 73.8%
Not exposed
N= 283 (all women)
Mean age= 37.3 yrs.
Age range: 21-66
Response= 41.4% (including 
non-responder analysis)
1996-1997 Self- administered 
quesonnaires
Duraon of employment:
1-5 yrs.: n=57 (27.1%)
6-10 yrs.: n=53 (25.2%)
11-20 yrs.: n=59 (28.1%)
>20 yrs.: n=41 (19.5%)
Job dues:
NA
Blood samples IgG
ELFA 
Vidas an-CMV 
(Biomerieux)
Joseph et al 
2005
Canada Cross-
seconal 
study
Educators in day care centers Exposed
N= 473 (all women)
Mean age= 35.7 yrs.
SD age= 9.8 yrs.
Response= 54.2%
Oct.-Dec. 2001 Self- administered 
quesonnaires
Duraon of employment:
<5 yrs.: n=163 (34.5%)
5-9 yrs.: n=130 (27.5%)
10-14 yrs.: n=103 (22%)
≥15 yrs.: n=76 (16%)
Job dues: 
NA
CMV IgG ELISA, 
Wampole 
Laboratories,
Cranbury, NJ, USA
Van 
Rijckevorsel et 
al 2012
The Nether-
lands
Cross-
seconal 
study
Child care personnel working in 
38 daycare centers on the 
Amsterdam municipal register 
(exposed), compared to 
women not working in day care 
from Amsterdam Health 
Monitor (AMH) survey 
(unexposed)
Exposed
N= 241 (all women)
Mean age= 29.0 yrs. IQR: 24-
35 yrs.
Response= “nearly all agreed 
to parcipate” (~100%)
Not exposed
N= 288 (all women)
Mean age= 35 yrs.
IQR: 28-40 yrs.
Response= 43.8%
Daycare center 
employees: 2007
Unexposed group:
2004
Face interviews and through 
cross-seconal survey in 207 by 
the Public Health Service of 
Amsterdam
Duraon of employment: 
NA
Job dues:
NA 
Blood samples
SERION ELISA 
classic CMV IgG
Lamarre et al 
2016
Canada Cohort 
study with 
baseline 
analysis
Populaon from the 3D 
(Décourvrir, Développer, 
Devenir) Cohort Study, a 
prospecve study of pregnant 
women. Daycare workers 
(exposed) compared to those 
with “other” or “unknown” 
professions (unexposed)
Exposed:
N=23 (all women)
Unexposed:
N=1713
General age for all 
parcipants:
17-24 yrs.: 132 (6.8%)
25-29 yrs.: 631(32.6%)
30-34 yrs.: 758(39.1%)
35-47 yrs.: 412(21.3%)
General response from 3D 
study with serum samples: 
30.5%
May 2010- August 
2012
Quesonnaire
Duration of employment:
NA
Job dues:
NA
Blood samples
An-CMV IgG 
ELISA, Capa CMV 
IgG kits, Trinity 
Biotech, USA
Stranzinger et 
al 2016
Germany Cross-
seconal
Pregnant daycare workers <45 
yrs 
Exposed:
N= 509 (all women)
Mean age= 30.7 yrs.
SD= 4.7 yrs.
Response: 
~100% (since medical 
examinaon by the company 
doctor was mandatory)
2010-2013 Data from State Instute for 
Food Safety, Health and 
Environment, Hamburg
Duraon of employment:
NA
Job dues:
NA
An-CMV IgG 
ELISA
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women who participated in a cross-sectional survey of the 
Amsterdam population (Amsterdam Health Monitor, AHM) 
in 2004. The response of daycare centers was 60%, and it 
was reported that nearly all daycare workers had agreed to 
participate. The AHM response (including available blood 
samples) was low (43.8%). CMV seroprevalence was 73.4% 
for daycare workers and 72.6% for the AHM population. For 
the crude analysis, which included the total AHM popula-
tion, there was no association between CMV prevalence and 
daycare workers (PR = 1.0, 95% CI 0.9–1.1). A multivariate 
binomial regression analysis adjusting for age and having 
children was done with only the European-born AHM popu-
lation and resulted in an increased CMV prevalence for day-
care workers compared to the AHM population (PR = 1.7, 
95% 1.3–2.3). No adjustment was done for socioeconomic 
status.
The Découvrir, Développer, Devenir (3D) prospective 
cohort on 1938 pregnant women in their first trimester in 
the region of Quebec, Canada studied the CMV seropreva-
lence in pregnant daycare workers compared to that of other 
workers (Lamarre et al. 2016). The general response from 
the 3D study was 37.3%, and 30.5% supplied serum samples. 
Exposure information was collected through questionnaires, 
and no information on job characteristics or age of the 23 
daycare workers was available. CMV seroprevalence of 
daycare workers, measured by CMV IgG ELISA, was 74% 
for the whole study population and 57% for women born in 
Canada or USA. Pregnant daycare workers had an increased 
CMV seroprevalence compared to other workers in the 3D 
study (original OR = 4.49, 95% CI 1.57–12.82; converted 
PR = 1.88, 95% CI 1.31–2.25). When restricting the popula-
tion to only women born in Canada and USA, the resulting 
prevalence ratio increased (PR = 2.28, 95% CI 1.22–3.21).
In Hamburg, Germany and its surrounding districts, a 
cross-sectional study by Stranzinger et al. (2016) investi-
gated the CMV prevalence in pregnant daycare workers. 
The women had a mandatory medical examination by an 
occupational doctor, and, therefore, the response was close 
to 100% (email communication with author). Even though 
only women with negative or unknown CMV serology were 
tested, since very few women knew their serological status, 
almost all women probably participated in the serological 
assessment. Seroprevalence for the daycare workers was 
54.6%, and stratification indicated increasing seroprevalence 
with increasing age.
A summary of the studies and their risk of bias is shown 
in Fig. 3.
Relative risk of Infection (outcomes Ia and Ib)
No study providing the seroconversion risk of daycare 
workers (outcome Ia) was identified. Four studies presented 
Fig. 3  Summary of the included studies and their risk of bias
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either prevalence ratios or prevalence odds ratios. A sum-
mary of the effect estimates of these four studies included 
in the meta-analysis is shown in Table 3. Using PRs con-
verted from the ORs for both Kiss (2002) and Lamarre 
(2016) resulted in an increased CMV seroprevalence for 
daycare workers compared to the comparison population 
(PR = 1.54, 95% CI 1.33–1.77, I2 = 28.4%) (Fig. 4). Similar 
results, albeit with slightly narrower confidence intervals, 
were obtained with fixed effect analysis. 
We compared the high risk of bias studies (de Villemeur 
et al. 2011; van Rijckevorsel et al. 2012; Lamarre et al. 
2016) with the result from our only low-risk study (Kiss 
et al. 2002) to investigate if when grouped together by study 
quality, the PRs were similar. The overall PR for the high 
risk of bias studies was 1.60 (95% CI 1.35–1.90), higher than 
Kiss et. al’s risk (PR = 1.34, 95% CI 1.03–1.74) (Fig. 5).
In a sensitivity analysis, instead of only using the results 
for the European-born population of van Rijckevorsel 
et al. (2012), we included its entire population, using the 
reported PR and converted PR values for Kiss et al. (2002) 
and Lamarre et al. (2016). The PR decreased and there was 
increased heterogeneity between the studies, but the PR was 
still significant (RR 1.35, 95% 1.03–1.78, I2 88.9%).
The funnel plot in Fig. 6 shows no indication of publica-
tion bias, which was confirmed by the Egger test (Egger’s 
coefficient = 2.41; 95% CI − 7.66 to 12.47; P = 0.41).
CMV seroprevalence (outcome II)
Table 4 shows the studies included in the meta-analysis 
for immunity status. The overall prevalence of CMV in 
daycare workers for the six studies was 59.3% (95% CI 
47.6–70.9) but was heterogeneous (I2 = 96.2%), (Fig. 7). To 
study whether the variation between studies might be due to 
differences in the study regions, the studies were then cat-
egorized by region (Europe: n = 4 vs Canada: n = 2). How-
ever, the variation between studies increased (I2 = 97.7%) 
and the pooled prevalences were similar for both regions 
(Europe 57.1%, 95% CI 40.5–73.7; Canada 58.1%, 95% CI 
53.7–62.4%) (Fig. 8).
To investigate whether the variation between studies 
might be due to age differences in the study populations, we 
Table 3  Effect estimates of studies included in the meta-analysis
De Villemeur et al 
2011
PR 1.43
(1.22, 1.69)
Age, occupational 
group, number of 
own children, 
attendance/duration 
of a child care facility, 
residence in a 
country of 
low/medium HDI, 
spouse exposed to 
children/sick persons
Stratification by age
<37 years: 
PR= 1.45 95% CI 0.98-2.14
≥ 37 years
PR= 1.41 95% CI 1.16-1.72
Kiss et al 2002 OR 1.54 
(1.01-2.35)
Age and having 
children, unexposed 
population matched 
by socioeconomic 
status
Conversion to PR* :
PR= 1.34 95% CI 1.01- 1.71
Van Rijckevorsel et al 
2012
PR 1.7*
(1.3-2.3)
*only 
European 
born
Age and having 
children
Crude PR for whole 
population sample:
PR= 1.0  95% CI 0.9-1.1
Lamarre et al 2016 OR 4.49
(1.57-12.82)
Age, marital status, 
education, household 
income, number of 
babies ever born, 
first language, 
country of birth
Only born in Canada or USA:
OR= 3.96 95% CI 1.31-11.97
Conversion to PR*:
All study sample
PR= 1.88 95% CI 1.28-2.25
Only born in Canada or USA
PR= 2.28 95% CI 1.22-3.21
Study ID Effect 
Esmate
Effect value 
(95% CI)
Adjusted for Further analysis
a According to the conversion from OR to RR by Zhang et al. (1998)
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analyzed the “younger” vs “older” populations separately. 
Kiss (2002), van Rijckevorsel (2012) and Lamarre (2016) 
did not stratify by age and, therefore, they were not included 
in the analysis. For de Villemeur (2011) the “younger” popu-
lation was defined as ≤ 34 years old and the “older” popula-
tion as > 34 years old. Due to the original age categories, 
Fig. 4  CMV seroprevalence ratio (PR) between daycare workers and an unexposed control population
Fig. 5  CMV seroprevalence ratio (PR) between daycare workers and an unexposed control population by risk of bias of studies
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the definitions for Joseph (2005) and Stranzinger (2016) 
were slightly different (< 40 vs ≥ 40 and < 36 vs ≥ 36 years, 
respectively). The prevalence for the younger population 
was 53.0% (95% CI 49.6–56.3, I2 = 0%), whereas the preva-
lence for the older population was 71.1% (95% CI 67.2–75.1, 
I2 = 71.6%), shown in Fig. 9.
After starting our GRADE evaluation at “moderate”, 
we judged that the quality of evidence for increased risk 
of CMV infection among daycare workers to be “low”. 
Although the imprecision was acceptable, most studies had 
a high risk of bias and the study with a low risk of bias had 
a risk ratio lower than 1.5 (Table 5).
Discussion
Based on the meta-analysis of the four included studies, we 
found that daycare workers had a 54% higher CMV sero-
prevalence compared to a reference population. We also 
found the immunity status of daycare workers as indicated 
by the CMV IgG seroprevalence to be 59%, based on six 
studies.
Our study indicates that CMV seroprevalence in daycare 
workers is age-dependent: younger workers have a lower 
seroprevalence than older workers. It has already been 
reported that the most rapid acquisition of the CMV anti-
body occurs during the first and second years of life (Yow 
et al. 1987), but seroconversion increases steadily with age, 
even throughout adulthood (Hecker et al. 2004; Lachmann 
et al. 2018), and is possibly dependent on cohort effects.
Two studies (Joseph et al. 2005; Stranzinger et al. 2016) 
either only reported CMV seroprevalence or had an unsuit-
able reference population. When comparing to studies 
reporting CMV seroprevalence for the general population, 
in similar regions and timeframes as our included studies, 
the higher infection risk for daycare workers is confirmed: 
Joseph et al. (2005) reported a CMV seroprevalence of 57% 
for Canadian daycare workers, which contrasts with a sero-
prevalence report of a Canadian female recruit population 
of 21.8% (Clair et al. 1990). In Germany, Stranzinger et al. 
Fig. 6  Funnel plot of prevalence 
ratio studies
Table 4  Age exposure categories and immunity status from studies 
included in the meta-analysis
Study ID Age category Seroprevalence (%) 
in daycare workers 
(95% CI)
De Villemeur et al. (2011) All 69.4 (65.5–73.9)
≤ 34 years 55.7 (45.6–65.3)
>34 years 74.4 (69.0–79.3)
Kiss et al. (2002) All 30.8 (24.6–37.5)
Joseph et al. (2005) All 57 (53.4–61.6)
< 40 years 50.8 (45.3–56.4)
≥ 40 years 70.7 (62.7–77.8)
Van Rijckevorsel et al. 
(2012)
All 73.4 (67.4–78.9)
Lamarre (2016) All 73.9 (51.6–89.8)
Stranzinger (2016) All 54.6 (50.2–59.0)
< 36 years 53.9 (49.0–58.7)
≥ 36 years 58.1 (47.0–68.7)
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(2016) found a seroprevalence of 54.6% for pregnant daycare 
workers, while one German study reported a 42.3% CMV 
seroprevalence on healthy pregnant women (Enders et al. 
2012) and another study based on a nationwide representa-
tive survey reported a 51.7% seroprevalence in women of 
childbearing age (Lachmann et al. 2018).
Agreements with other studies and reviews
Elsner et al. (2009) found a wide range of CMV seropreva-
lence for daycare workers (38–67%), which the authors 
attributed to the various study population examined (the 
six studies from USA or Canada reported a higher CMV 
seroprevalence than a Belgian study). In contrast, we found 
that the varying seroprevalences reported since 2000 were 
not due to geographical regions, but due to differing ages of 
the daycare workers. In addition, the authors found several 
studies reporting annual CMV seroconversion on daycare 
workers, varying from 8.5 to 23%. However, no comparison 
group was used for these studies. The authors found only 
two studies which compared the risk of infection for day-
care workers to that of a reference population. One study 
was included in our analysis (25), while the other study (37) 
was not included because it was published in 1990, but it 
also reported a 40% higher risk for daycare workers than for 
administrative workers.
In their review, Joseph et al. (2006) reported on seven 
studies from Canada and USA which estimated the CMV 
seroprevalence of daycare workers from 41 to 67%. The 
authors reported annual CMV seroconversion rates of 8% 
to 23.8% for daycare workers out of five studies published 
before 2000. A study reported a similar CMV seropreva-
lence between daycare workers and hospital employees at 
baseline, but a seroconversion rate for the daycare work-
ers five times higher than for hospital employees. Another 
cross-sectional study gave an indication of a similar risk of 
infection between daycare workers and a reference popula-
tion of housewives. However, seroprevalence for both groups 
was high (> 80%).
The review by Hyde et al. (2010) reports CMV seropreva-
lence ranging from 41 to 67% in day care workers, along 
with annual seroconversion rates from 0 to 12.5% from stud-
ies published before 2000. However, the risk of CMV infec-
tion was not reviewed.
Strengths and limitations
The main strengths of our research methods were the sys-
tematic literature search using a comprehensive search 
string in two databases (Medline and Embase), the inde-
pendent appraisal of the titles, abstracts, and full text by two 
researchers. In contrast to previous reviews, we performed a 
Fig. 7  CMV seroprevalence of daycare workers (%) of all included studies
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formal risk of bias assessment for the included studies and 
integrated the resulting assessments in the analysis and con-
clusions drawn. This procedure is crucial since the quality 
of the studies was a major factor in coming to our conclu-
sions. Our study is also the first to conduct a meta-analysis 
on the prevalence and risk of infection of daycare workers 
compared to an unexposed population.
We only included studies published in peer-reviewed 
journals, and we excluded studies that were conducted in 
response to a disease outbreak in a child daycare center. 
Including studies in response to a disease outbreak would 
have artificially raised the risk of the daycare workers in 
comparison to the usual situation. There was no indication 
of publication bias from Egger’s test for the risk of infection 
analysis, although the test was based on four studies only.
Methodological quality of the included studies
Only one of the four included studies was assessed as hav-
ing a low risk of bias. The most important risks of bias in 
the studies included were the recruitment procedure and 
the exposure definition. The response of either the exposed 
or the unexposed reference population was low for several 
studies, resulting in potential selection bias. Women who are 
aware of their CMV seropositivity could have less interest 
in participating in the study: if the CMV seroprevalence in 
daycare workers were actually higher than in the general 
population and if there were non-differential non-partici-
pation, there would be an underestimation of the risk. For 
example, if daycare workers know their CMV serostatus 
more often due to a possible awareness of their increased 
risk of CMV infection and chose, therefore, not to partici-
pate, the underestimation of the risk would be even more 
pronounced. On the other hand, job duties (whether day-
care workers had contact with children or were part of the 
administrative or cleaning personnel) were not specified for 
several studies. It is conceivable that some studies included 
unexposed workers (not in contact with children) as part 
of the exposed population because the job duties were not 
considered. The resulting misclassification could also result 
in an underestimation of risk of infection for the exposed 
population. Shedding of CMV is highest among children 
of ages 1–2 years (Cannon et al. 2011), and it is, therefore, 
expected that women working in close contact with children 
of this age will have the highest risk for CMV infection. The 
included studies investigated daycare workers working with 
Fig. 8  CMV seroprevalence of daycare workers (%) by study region
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children at or under the age of six, although the age structure 
of the children was not included in the risk estimation. If the 
children in the studies were mostly older [as in Kiss et al. 
(2002) where no daycare worker worked with children under 
the age of two], our pooled PR might underestimate the risk 
of CMV infection for daycare workers.
For three out of four studies, socioeconomic status 
was adjusted by either controlling for occupational class 
or income in the regression equation, or by matching the 
comparison populations by SES. One study (van Rijckevor-
sel et al. 2012) did not control for SES, and although the 
unexposed population was based on the general population, 
there still might have been SES differences between daycare 
worker studies and the unexposed population.
Importantly, there was no study reporting CMV sero-
conversion rates for daycare workers, which would have 
provided an indication of a fresh primary infection. It is dif-
ficult and sometimes not possible to distinguish between a 
fresh infection and a reactivation of a CMV infection by 
serological standard methods (Robert Koch Institut 2014). 
In a fresh infection, both CMV IgG and IgM antibodies will 
be identified. In a reactivation, there is an increase in the 
concentration of CMV IgG antibodies with a negative or 
low-positive presence of CMV IgM (Robert Koch Institut 
2014). We are, therefore, not able to distinguish between a 
fresh infection, a reactivation, and a previous infection using 
CMV seroprevalence measurements obtained at one point in 
time and only measuring CMV IgG antibodies, as was done 
in all of our included studies.
We have formally reported the quality of evidence for 
a higher risk of CMV infection for kindergarten teachers 
compared to the general population as low. However, it is 
important that we take into consideration that the CMV 
seroprevalence in young adulthood, before daycare workers 
enter the workforce, is already high. We will illustrate this 
consideration with an example. Our low risk of bias study 
(Kiss et al. 2002) reported a CMV seroprevalence of 18.5% 
in the youngest age group (20-29 years). The average age at 
the start of their careers was estimated to be 24 years for this 
study (mean age minus mean seniority in years). Therefore, 
we assume the CMV seroprevalence before the start of their 
careers to be about 18.5%. As this “pre-occupational” sero-
prevalence in fact cannot be removed from the prevalence-
based “occupational” risk estimates, there will be an under-
estimation of the seroconversion risk. If an unexposed group 
had a CMV seroprevalence of 27.6%, the daycare workers 
Fig. 9  CMV seroprevalence of daycare workers (%) by age group
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would have a CMV seroprevalence of approximately 37%, 
assuming the prevalence ratio of 1.34. If we would subtract 
18.5% (the assumed seropositives at the start of working 
life) from both groups, we would obtain a seroconversion of 
9.1% for the unexposed workers and 18.5% for the daycare 
workers. In turn, this would result in a risk effect of greater 
than 2 and a probability of causation of 50%. In summary, 
the prevalence ratios resulting from a cross-sectional analy-
sis will considerably underestimate the risk of infection for 
daycare workers due to the high level of seroprevalence at 
the start of the women’s working life. This is a key consid-
eration, because in order to be considered an occupational 
disease, the risk of infection for the exposed group should 
be at least double than that of the unexposed group. Taking 
this example, our results underline the potential of CMV 
infection as an occupational disease for daycare workers.
Implications for prevention
It is also necessary to understand the difficulty of taking 
preventative measures in a non-clinical setting, such as in a 
daycare center. It has been shown that CMV remains viable 
on various surfaces after several hours (Stowell et al. 2012). 
After handwashing, if daycare workers return to a contami-
nated area, their hands will likely be re-contaminated, and 
the disinfecting effect of handwashing will be negated. 
Indeed, Kiss et al. (2002) showed no effect of handwash-
ing in the daycare on CMV seroprevalence. The prevention 
policy of an occupational CMV infection is heterogeneous, 
and most countries stress the importance of prevention in 
hygiene, while others, such as Belgium, recommend the 
withdrawal pregnant daycare worker from their working 
duties (Van Laethem et al. 2015). In Germany, the recom-
mendations of the statutory maternity protection authorities 
with regard to employment restrictions for pregnant women 
are varied and depend on the federal state (Stranzinger 
2017).
Conclusions
This review confirms a higher CMV seroprevalence for day-
care workers compared to a comparison population. Even 
though the primary limitation for the included studies is the 
cross-sectional methods applied, the CMV seroprevalence 
for daycare workers is consistently higher for all studies after 
adjustment for confounders such as SES, age, and having 
own children. Notwithstanding the need for longitudinal 
and intervention studies, increased preventive efforts are 
needed. It is important to raise awareness of the potential 
risk of CMV infection in women trying to conceive and in 
pregnant women. Recommendations to prevent CMV infec-
tions in the day care center include frequent handwashing Ta
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after exposure to young children’s bodily fluids, cleaning 
surfaces, and avoiding intimate contact with young children 
if pregnant, although these measures alone may not com-
pletely protect the daycare worker from infection. A pooled 
PR of 1.54 is compatible with a doubled seroconversion risk 
corresponding to a vocational probability of 50% if the sub-
stantial underestimation of the actual occupational serocon-
version risk by prevalence-based estimators is considered. 
Therefore, a fresh CMV seroconversion in a daycare worker 
can in principle be attributed to the occupation.
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Supplementary Table 1 Risk of bias form 
Major risk of bias 
domains* Risk Criteria 
1. Recruitment procedure 
& follow-up (in cohort 
studies): 
 
For cohort studies 
HINT: We are looking for selection 
bias: 
- Was the cohort representative 
of a defined population? # 
- Was everybody included who 
should have been included? # 
- If response rate on day care 
centre level is slightly <50% 
but does not indicate 
selection bias, it will be listed 
as a demerit in extraction 
table. 
PRELIMINARY RULING: 
- If the cohort recruitment is 
based on a convenient/ self-
reported sampling OR if 
response is <10% OR if the 
response was not reported, 
the study will be excluded 
from analysis. 
low ☐  Cohort recruitment was acceptable.# 
☐  Baseline response on both daycare workers and day care centre level 
is acceptable (50% or more) OR is <50% and >30%, but substantial 
differential selection could be excluded (e. g. by a non-responder 
analysis). 
☐  Loss to follow-up is below 20% in total and not different between the 
two groups (up to 10% difference).* 
high ☐  Cohort recruitment was not acceptable.# 
☐  Total loss to follow-up is larger than acceptable (20% or more)* OR 
drop out differs between the groups by more than 10%* OR the 
reasons for drop out considerably differ between exposed and non-
exposed groups.* 
 
For case-control studies 
HINT: We are looking for selection 
bias: 
- Were the cases and control 
subjects representative of the 
same defined population 
(“study base”; geographically 
and/or temporally)? # 
- Was there an established 
reliable system for selecting 
all the cases? # 
- The same exclusion criteria 
are used for both cases and 
controls. # 
- Comparison is made between 
participants and non-
participants to establish their 
similarities or differences. # 
- If response rate on day care 
centre level is slightly <50% 
but does not indicate 
selection bias, it will be listed 
as a demerit in extraction 
table. 
PRELIMINARY RULING: 
- If the cohort recruitment is 
based on a convenient/ self-
reported sampling OR if 
response is <10% OR if the 
response was not reported, 
the study will be excluded 
from analysis. 
low ☐ Case selection and recruitment was acceptable.# 
☐  Control subjects’ selection and recruitment was acceptable.# 
☐  Non-response was less than 50% for cases and/or control subjects 
OR it was >50% and <70%, but substantial differential selection of 
cases and control subjects could be excluded (e.g. by a non-
responder analysis)* 
high ☐  Case selection and recruitment was not acceptable.# 
☐  Control subjects’ selection and recruitment was not acceptable.# 
☐  Non-response was >70% for cases or control subjects OR it was 
>50% and<70%, but substantial differential selection of cases and 
control subjects could not be excluded.* 
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Major risk of bias 
domains* Risk Criteria 
For cross-sectional 
studies 
HINT: We are looking for selection 
bias: 
- Was the study population 
representative of a defined 
population? # 
- Was everybody included who 
should have been included? # 
- If response rate on day care 
centre level is slightly <50% 
but does not indicate 
selection bias, it will be listed 
as a demerit in extraction 
table. 
PRELIMINARY RULING: 
- If the cohort recruitment is 
based on a convenient/ self-
reported sampling OR if 
response is <10% OR if the 
response was not reported, 
the study will be excluded 
from analysis. 
low ☐  Recruitment of the study population was acceptable.# 
☐  Non-response was less than 50% OR it was >50% and <70%, but 
substantial differential selection of the study population could be 
excluded (e.g. by a non-responder analysis).* 
high ☐  Recruitment of the study population was not acceptable.# 
☐  Non-response was >70% OR it was >50% and <70%, but substantial 
differential selection of the study population could not be excluded.* 
 
2. Exposure definition and 
measurement 
low ☐  Exposure definition included at least basic job characteristics (e.g., job 
tasks, length of employment). 
☐  Exposure was accurately measured to minimize bias.# 
☐ Adequate comparison group of non-exposed workers (e.g. office 
workers) included. 
high ☐  Exposure does not cover basic job characteristics. 
☐  Exposure was not accurately measured.# 
☐  Different methods were used to measure exposure in different groups/ 
cases and control subjects (in case-control studies).§ 
☐  No adequate comparison group of non-exposed workers included 
(only for outcome 1b) 
unclear ☐  Not reported. 
3.Ia Outcome 
“seroconversion rate”. 
Source and validation 
low ☐  Outcome was accurately/ objectively measured to minimize bias 
(positive serology, medical diagnosis).# 
☐  Measurement methods were similar in the different groups.# 
high ☐  Outcome was not accurately or subjectively measured (self-reported).# 
☐  Measurement methods were different in the groups.# 
unclear ☐  Not reported. 
3.Ib Outcome “prevalence 
ratio or prevalence odds 
ratio ”. Source and 
validation 
low ☐  Outcome was accurately/ objectively measured to minimize bias (e.g. 
positive serology, medical diagnosis).# 
☐  Measurement methods were similar in the different groups.# 
high ☐  Outcome was not accurately or subjectively measured (e.g. self-
reported).# 
☐  Measurement methods were different in the groups.# 
unclear ☐  Not reported. 
3.II Outcome 
“seroprevalence of the 
low ☐  Outcome was accurately/ objectively measured to minimize bias (e.g. 
positive serology).# 
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Major risk of bias 
domains* Risk Criteria 
daycare workers”. Source 
and validation. 
☐  Measurement methods were similar in the different groups.# 
high ☐  Outcome was not accurately or subjectively measured.# 
☐  Measurement methods were different in the groups.# 
unclear ☐  Not reported. 
4. Confounding and effect 
modification 
HINT: If the immunity status of the 
children in care is not being 
considered, it will be listed as a 
demerit in extraction table.  
low ☐  If risk estimators were calculated, major confounding factors (at least 
age, sex, and SES) were considered. 
☐  If only prevalence or incidence was assessed, at least sex and age 
are described. 
high ☐  Major confounding factors were not considered. 
unclear ☐  Not reported. 
5. Analysis method: 
methods to reduce 
research specific bias 
HINT: If the prevalence of 
serology is very high, we will not 
accept Prevalence Odds Ratios 
as adequate. 
low ☐  Authors used adequate statistical models to reduce bias (e.g., 
standardization, matching, adjustment in multivariate model, 
stratification, propensity scoring).§ For prevalences, 
matching/stratification may not be required as long as a good 
description of the age structure and immunization status of the 
population is given. 
high ☐  Authors did not use adequate statistical models to reduce bias. 
unclear ☐   
 
Minor risk of bias 
domains* Risk Criteria 
6. Chronology low ☐  Incident diseases were included.# 
☐  Temporal relation may be established (exposure precedes the 
outcome).# 
☐  Negative serology known at baseline (career entry, baseline of study) 
AND was accurately/ objectively measured. 
☐  For outcomes 2 and 3, cross-sectional studies are appropriate. 
high ☐  Prevalent diseases were included OR prevalent diseases of baseline 
were not excluded (in cohort studies).# 
☐  Temporal relation cannot be established. 
☐  Serology is unknown at baseline. 
☐  Cross-sectional studies without basic information about temporal 
course (not applicable to outcomes 2 or 3) 
unclear ☐  Not reported. 
7. Funding low ☐  Grant/ non-profit-organizations* 
☐  Study was clearly not affected by sponsors.* 
high ☐  Sponsoring organization participated in data analysis. 
☐  Study was probably affected by sponsors. 
unclear ☐  Industry, combined industry+grant*, unclear if study was affected by 
sponsors. 
☐  Not reported. 
8. Conflict of interest low ☐  Reported not having conflict of interest or clear from report/ 
communication that study was not affected by author(s) affiliation.* 
high ☐  Conflict of interest exists (at least one author).* 
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Minor risk of bias 
domains* Risk Criteria 
unclear ☐  Not reported. 
 
Overall risk of bias assessment: Low Risk 
High 
Risk 
Unclear 
Risk 
Major 
domains 
1. Recruitment procedure & follow-up (in cohort studies)    
2. Exposure definition and measurement    
3.Ia Outcome “seroconversion rate”. Source and validation     
3.Ib Outcome “prevalence ratios or prevalence odds ratios ”. Source and 
validation    
3.II Outcome “seroprevalence of the daycare workers”. Source and 
validation    
4. Confounding and effect modification    
5. Analysis method: methods to reduce research specific bias    
Minor 
domains 
6. Chronology    
7. Funding    
8. Conflict of interest    
General rule for rating: Low risk of bias: low risk in 
all major domains  
High risk of bias: if not low 
risk 
Overall 
assessment:    
 
 
 
 
 
 
Major risk of bias 
domains* 
Risk Criteria 
4. Confounding and 
effect modification 
HINT: If the immunity 
status of the children in 
care is not being 
considered, it will be listed 
as a demerit in extraction 
table.  
low ☐  If risk estimators were calculated, major confounding 
factors (at least age and SES) were considered. 
☐  If only prevalence or incidence was assessed, at least age is 
described. 
high ☐  Major confounding factors or effect modifiers were not 
considered. 
unclear ☐  Not reported. 
5. Analysis method: 
methods to reduce 
research specific bias 
HINT: If the prevalence of 
serology is very high, we 
will not accept Prevalence 
Odds Ratios as adequate. 
low ☐  Authors used adequate statistical models to reduce bias 
(e.g., standardization, matching, adjustment in multivariate 
model, stratification, propensity scoring).§ For prevalences, 
matching/stratification may not be required as long as a 
good description of the age structure and immunization 
status of the population is given. 
high ☐  Authors did not use adequate statistical models to reduce 
bias. 
unclear ☐  Not reported 
 
Minor risk of bias 
domains* 
Risk Criteria 
6. Chronology low ☐  Incident diseases were included.# 
☐  Temporal relation may be established (exposure precedes 
the outcome).# 
☐  Negative serology known at baseline (career entry, baseline 
of study) AND was accurately/ objectively measured. 
☐  For outcomes 2 and 3, cross-sectional studies are 
appropriate. 
high ☐  Prevalent diseases were included OR prevalent diseases of 
baseline were not excluded (in cohort studies).# 
☐  Temporal relation cannot be established. 
☐  Serology is unknown at baseline. 
☐  Cross-sectional studies without basic information about 
temporal course (not applicable to outcomes 2 or 3) 
unclear ☐  Not reported. 
7. Funding low ☐  Grant/ non-profit-organizations* 
☐  Study was clearly not affected by sponsors.* 
high ☐  Sponsoring organization participated in data analysis. 
☐  Study was probably affected by sponsors. 
unclear ☐  Industry, combined industry+grant*, unclear if study was 
affected by sponsors. 
☐  Not reported. 
8. Conflict of interest low ☐  Reported not having conflict of interest or clear from 
Minor risk of bias 
domains* 
Risk Criteria 
report/ communication that study was not affected by 
author(s) affiliation.* 
high ☐  Conflict of interest exists (at least one author).* 
unclear ☐  Not reported. 
 
Overall risk of bias assessment: 
Low 
Risk 
High 
Risk 
Unclear 
Risk 
Major 
domains 
1. Recruitment procedure & follow-up (in cohort studies)    
2. Exposure definition and measurement    
3.Ia Outcome “seroconversion rate”. Source and validation     
3.Ib Outcome “prevalence ratios or prevalence odds ratios ”. 
Source and validation 
   
3.II Outcome “seroprevalence of the daycare workers”. 
Source and validation 
   
4. Confounding and effect modification    
5. Analysis method: methods to reduce research specific bias    
Minor 
domains 
6. Chronology    
7. Funding    
8. Conflict of interest    
General rule for rating: Low risk of bias: low 
risk in all major 
domains  
High risk of bias: if not 
low risk 
Overall 
assessment: 
   
*according to Ijaz et al. (2013), with modifications 
# SIGN/CASP 
§ Shamiliyan et al (2011), with modifications 
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5. Discussion and outlook 
A comprehensive review regarding several diseases not preventable by vaccines in daycare 
workers was carried out. Since 2000, only relevant studies regarding CMV and parvovirus 
B19 infections in daycare workers were published, and thus the discussion will mostly be 
based on both these infections. 
 
Although we found moderate evidence that daycare workers have an increased risk for 
parvovirus B19 infection and low evidence that they had an increased risk for CMV infection 
compared to the reference population, both infections might mostly be occupationally-
acquired when considering the underestimation of the occupational seroconversion risk by 
prevalence-based estimators, as will be shown below.  
 
5.1 Interpretation of studies 
We may at first assume that the etiological fraction is equal to the excess fraction by 
assuming that there are only excess cases (A2) and no or few accelerated cases (A1) for our 
infections of interest. In reality, by assuming A1à0, we are calculating the minimum 
probability of causation due to the exposure.  
 
 𝑒𝑡𝑖𝑜𝑙𝑜𝑔𝑖𝑐	𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 = 	𝐴! + 𝐴"𝐴# = 0 + 𝐴"𝐴# = 𝑒𝑥𝑐𝑒𝑠𝑠	𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 = 	 𝐴"𝐴# 
 
We then use the following formula for the calculation of the etiologic fraction by using the 
incidence rate ratios: 
 𝐼𝑅 − 1𝐼𝑅 ≈ 	 𝐴"𝐴# 
 
 
The IR is obtained using longitudinal studies, where a population (with and without 
exposures) and without the outcome of interest is followed up for a period of time. After the 
follow-up period, the difference in the outcomes in the exposed and unexposed are 
quantified through the IR (quantifying the relative risk or relative risk rate).  
 
However, when studies are cross-sectional in nature, and when the prevalence of the 
outcome in the population is high, the RR will be underestimated. Most of the studies on 
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CMV and parvovirus B19 in our review were cross-sectional. It is also known that the CMV 
and parvovirus B19 seroprevalence in teenagers and young adults, before the start of their 
careers, is already high (Enders et al., 2001; Hecker et al., 2004; Mossong et al., 2008; 
Cannon et al., 2010; Manicklal et al., 2013). However, this should not dissuade us from 
making an estimate of the etiological fraction of being a daycare worker on CMV or 
parvovirus B19 infection. In both studies, we took the CMV/parvovirus B19 seroprevalence 
before the working careers of the exposed and unexposed had started and subtracted it from 
the seroprevalence measured in the studies (when careers were underway), and thus 
estimated an incidence risk which could then be used to obtain a IR, and thus a minimum 
etiological fraction. 
 
As an example for parvovirus B19 infection, we can assume that the pre-occupational 
seroprevalence is 60% (Enders et al., 2006; Mossong et al., 2008; Röhrer et al., 2008). If the 
unexposed group has a parvovirus B19 seroprevalence of 65% (the average seroprevalence 
in the unexposed groups from our prevalence-based risk studies), assuming our calculated 
pooled PR of 1.12, then the daycare workers would have a seroprevalence of 72.8%. 
Subtracting 60% from both groups (the assumed seropositives at the start of working life), we 
would obtain a seroconversion of 5% for the unexposed group and 12.8% for the daycare 
workers (see Figure 8). These calculations would result in a RR of 2.6, which would lead to a 
probability of causation of greater than 50%.  
 
 
 
The same can be done for CMV infection. Our low risk of bias study (Kiss et al., 2002) 
reported a CMV seroprevalence of 18.5% in the youngest age group (20-29 years). The 
average age at the start of their careers was estimated to be 24 years of age for this study 
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(mean age minus mean seniority in years). Therefore, we assume the CMV seroprevalence 
before the start of their careers to be about 18.5%. As this “pre-occupational” seroprevalence 
in fact cannot be removed from the prevalence-based “occupational” risk estimates, there will 
be an underestimation of the seroconversion risk. If an unexposed group had a CMV 
seroprevalence of 27.6% (the average CMV seroprevalence of the comparison group in the 
low “risk of bias” Kiss et al. study), the daycare workers would have a CMV seroprevalence 
of approximately 37%, assuming the prevalence ratio of 1.34. If we would subtract 18.5% 
from both groups, we would obtain a seroconversion of 9.1% for the unexposed workers and 
18.5% for the daycare workers (Figure 9), resulting in an RR of 2.0, and a probability of 
causation of at least 50%. 
 
 
 
Following this method, even if the evidence following GRADE was low, the probability of 
causation due to the daycare occupation on both parvovirus B19 and CMV infections is 
greater than 50%, and therefore both infections can be thus classified as occupational in 
nature. 
 
5.2 Identification of research gaps 
Even though a comprehensive search was done for several infectious diseases, there were 
only methodologically-adequate studies for CMV and parvovirus B19 infections. There is a 
need for studies on the risk of other important vaccine non-preventable infections in daycare 
workers.  
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Out of our included studies, only two were assessed as having a low risk of bias (high 
quality), and therefore there is a need for good quality studies. The most important sources 
of bias were the low (or unavailable) response of the population and the exposure definition. 
A low response of either the exposed or the unexposed reference population can result in 
selection bias. If the seroprevalence in daycare workers were actually higher than in the 
reference population and if there were non-differential non-participation between both 
populations, there would be an underestimation of the risk. On the other hand, job duties 
(whether daycare workers had contact with children or were part of the administrative or 
cleaning personnel) were unspecified for several studies. Some studies may have included 
workers not in contact with children as part of the exposed population. The resulting 
misclassification could also result in an underestimation of risk of infection for the exposed 
population.  
 
In general, the included studies controlled for important confounders such as age, 
socioeconomic status, and having own children. However it is expected that women working 
in close contact with children of this age will have the highest risk for infection, as virus 
shedding is highest among children ages 1-2 years (Cannon et al., 2011). The included 
studies were done on daycare workers working with children at or under the age of six. 
However, the children’s age was not investigated as a potential effect modifier. If the children 
in the studies were mostly older (as in Kiss et al. 2002 where no daycare worker worked with 
children under the age of two), there might be an underestimation of the risk of infection for 
daycare workers. 
 
Importantly, more prospective studies measuring seroconversion rates for daycare workers 
are needed. Without prospective studies, we are not able to distinguish between a fresh 
infection and a previous infection, and the calculation of the risk attributable to the occupation 
cannot be done using incidences. 
 
5.3 Implications for practice and public policy 
5.3.1 Parvovirus B19 
In Germany, about 28% of pregnant women were found to be susceptible to parvovirus B19 
(Röhrer et al., 2008). Women who are seropositive before pregnancy (about 72%) are 
protected from parvovirus B19 infection related damages to their babies. Once a pregnant 
woman is infected, the observed fetal death throughout pregnancy is 6% and 11% within the 
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first 20 weeks of gestation (Enders et al., 2004). The overall risk of hydrops fetalis is 3.9% 
over the whole pregnancy (Enders et al., 2004).  
 
It is necessary to consider what prevention procedures to employ at the workplace. In 
Germany, the Act on the Implementation of Measures of Occupational Safety and Health to 
Encourage Improvements in the Safety and Health Protection of Workers at Work 
(Arbeitsschutzgesetz, ArbSchG), states that the employer has the responsibility to carry out 
an assessment of the risk of safety and health associated to their work 
(“Gefährdungsbeurteilung”). The employer is also responsible to give appropriate training to 
their workers regarding safety and health protection. In the context of infectious diseases in 
the daycare setting, the employer has the responsibility to train the employee on prevention 
of infection. Preventative actions include frequent handwashing, especially after diaper 
changes or after contact with bodily fluids, cleaning of contaminated surfaces, as well as not 
sharing eating utensils or kissing on the mouth. Daycare workers who are not immune to 
parvovirus B19 and who are trying to conceive or who are pregnant should be informed of 
their seroprevalence and should be especially encouraged to follow prevention protections. 
 
In addition, and related to the ArbSchG, the German maternity protection 
(Mutterschutzgesetz- MuSchG) protects mothers at work, during training, and during the 
course of her studies. According to §11 (2) the employer cannot permit a pregnant woman to 
complete tasks where she can come into contact with biomaterials that could be harmful for 
her or her child (§3 Biostoffverordnung, Risk group 4 and rubella or toxoplasma). For 
pregnant seronegative healthcare workers coming into contact with parvovirus B19 at the 
workplace, it is suggested to impose an employment ban on until the 20th week of gestation, 
for the time that further parvovirus B19 cases are observed, and three for three weeks after 
that (Ochmann and Wicker, 2013). It is important to point out that often a parvovirus B19 
infection is asymptomatic, and thus an outbreak might not be perceived. Additionally, even 
though the risk of fetal death is confined to the time at or before the 20th gestational week, 
there is still a risk of hydrops fetalis for the rest of the pregnancy; this risk might be 
nonetheless mitigated by appropriate hygienic prevention procedures.  One study in 
Germany has provided a cost-effective analysis to consider the prohibition to employ 
parvovirus B19-seroponegative women in daycare. Gärtner and colleagues assumed that 
22.3% of pregnant women working in daycare were seronegative (2561 women in total in 
2002) and would get an employment ban since ascertainment of pregnancy until the 34th 
week of pregnancy, when women in Germany officially start maternity protection and are 
relieved from duties at work. In their theoretical calculation based on risk estimates from a 
Danish study (Valeur-Jensen et al., 1999), the authors concluded that prohibition of 
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employment during pregnancy in Germany may prevent 1.4 cases of fetal death and 1.7 
cases of hydrops fetalis per year (Gärtner et al., 2007) compared to not having an 
employment ban. Although these numbers are small, they represent preventable cases 
concerning serious outcomes. Alternatively to an employment ban, and if possible, pregnant 
daycare workers could carry out other duties which would not require contact with young 
children. 
 
5.3.2 Cytomegalovirus  
A meta-analysis by Kenneson et al. reported a birth prevalence of congenital CMV of 0.64% 
(Kenneson and Cannon, 2007), while another one reported a birth prevalence of 0.7%, of 
which 12.7% of infected children had CMV-specific symptoms (Dollard et al., 2007). A large 
percentage of women in Europe and North America of childbearing age are seropositive for 
the CMV virus (Hecker et al., 2004; Cannon et al., 2010). In Germany, a recent study 
estimated CMV seroprevalence in women between 18 and 45 years to be 51.7% (Lachmann 
et al., 2018). 
 
Indeed, recommendations on CMV infection preventative measures are necessary to 
minimize the burden of this infectious disease. It is often cited that the best prevention for 
CMV infection is handwashing and cleaning of contaminated surfaces. Although good 
hygiene is in general recommended for minimizing infection, it is important to understand the 
difficulty of taking preventative measures in a non-clinical setting, such as in a daycare 
center. It has been shown that CMV remains viable on various surfaces after several hours 
(Stowell et al., 2012). After handwashing, if daycare workers return to a contaminated area, 
their hands will likely become re-contaminated. As an example, in one of our included 
studies, Kiss and colleagues, showed no effect of self-reported handwashing in the daycare 
on CMV seroprevalence.  
 
While some countries, such as USA and Switzerland, recommend practicing preventative 
hygiene procedures (Occupational Safety and Health Administration; Schäffer et al., 2016), it 
may be wise for the reasons stated above to further protect the expectant working mother. 
The CMV seroprevalence numbers of women of childbearing age were deemed relevant 
partly because historically it was thought that a primary infection was more likely to result in a 
congenital infection and manifestation of the disease in children (Stagno et al., 1982; Fowler 
et al., 1992), and thus the babies of women who were already seropositive before becoming 
pregnant were protected against a congenital CMV infection. However, there is increased 
evidence that an equal or even a majority of symptomatic congenital infections are due to 
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non-primary infections (Boppana et al., 1999; Ahlfors et al., 2001; Ross et al., 2006; de Vries 
et al., 2013; Townsend et al., 2013; Puhakka et al., 2017). A review by Britt concludes that 
“available data fail to provide a convincing argument for a protective role of maternal 
immunity in the outcome of congenital HCMV infections” (Britt, 2015). In practice, this implies 
that the serostatus of the daycare worker who is trying to conceive or is recently pregnant is 
less important, although the latest guidelines in Germany include serotesting on all pregnant 
women with a higher risk due to a familiar or occupational CMV exposure (Hamprecht, 
2014). The recommendation in several German federal states to ban only pregnant women 
who are CMV seronegative from contact with children younger than 3 years in the workplace 
(Stranzinger, 2017) may therefore be dated and potentially problematic. The risk of 
transmission increases with increasing gestational age, but it has been shown that the 
severity of sequelae decreases with advancing gestation, and the first and second trimesters 
pose the greatest risk for a congenital symptomatic infection (Bodéus et al., 1999; Pass et 
al., 2006; Gindes et al., 2008; Enders et al., 2011; Picone et al., 2013). No cost analysis 
concerning an employment ban for pregnant daycare workers in Germany for the prevention 
of CMV has been published. Nonetheless, it could be prudent to ban pregnant women in 
their first and second trimesters from contact with young children in the workplace, such as it 
is done in Belgium (Van Laethem et al.). If the pregnant daycare worker would like to remain 
in the workplace and if it is possible in the organization, an adequate solution may be to offer 
the worker an alternative, such as performing administrative work (Bischoff, 2014).  
 
Nonetheless, it should be again pointed out that typical childhood diseases, including 
cytomegalovirus infection, are not commonly reported work-related diseases in Germany 
(Nienhaus et al., 2017b). In 2015, only six cases of either mumps, measles, or rubella, and 
another six cases of pertussis were reported to the German Statutory Accident Insurance 
and Prevention in the Health and Welfare Services (BGW) (Nienhaus et al., 2017b). Of those 
cases, five cases of mumps, measles, or rubella and three cases of pertussis were 
recognized as occupational diseases. In a ten-year span, from 2008 to 2017, only seven 
cases of parvovirus B19 infection and less than four cases of CMV infection were recognized 
as occupational diseases. This may demonstrate that the current preventative procedures 
are effective and the low reported numbers may be a reflection of those efforts. However, 
underdiagnosis of congenital CMV infection is possible, as data on important outcomes (such 
as visual impairment) is lacking and follow-up may be too short to identify late-onset 
sequelae of CMV infection (Dollard et al., 2007). Underreporting of CMV infection as an 
occupational disease by the gynecologist or occupational doctor may also explain the low 
numbers. On an international level, it is difficult to obtain statistics on whether CMV infection 
is reported as an occupational disease and the frequency of its occurrence. However, this 
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lack of clarity should not hinder the creation of policies to successfully protect the pregnant 
woman against CMV (and parvovirus B19) infections. 
 
7. Conclusions 
This comprehensive literature search resulted in methodologically-adequate studies on 
parvovirus B19 and CMV infections in daycare workers. This research confirms a higher 
Parvovirus B19 and CMV seroprevalence for daycare workers compared to a comparison 
population. Even though the primary limitation for the included studies is the cross-sectional 
methods applied, the Parvovirus B19 and CMV seroprevalence for daycare workers is 
consistently higher for all studies after adjustment for confounders such as SES, age and 
having own children. Notwithstanding the need for longitudinal and intervention studies, 
increased preventive efforts are needed. It is important to raise awareness of the potential 
risk of infection in women trying to conceive or during pregnancy. Recommendations to 
prevent infections in the day care center include frequent handwashing after exposure to 
young children’s bodily fluids, cleaning surfaces, and avoiding intimate contact with young 
children if pregnant, although these measures alone may not completely protect the daycare 
worker from infection. For parvovirus B19 infection, seronegative women are at risk, while for 
CMV infection, there is evidence that both primary and non-primary infections have risks for 
the baby. The calculated pooled prevalence ratios for both infections are compatible with a 
doubled seroconversion risk corresponding to a vocational probability of at least 50% if the 
substantial underestimation of the actual occupational seroconversion risk by prevalence-
based estimators is considered. Hence, a fresh parvovirus B19 and CMV infection in a 
daycare worker can therefore in principle be attributed to the occupation. 
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